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ABSTRACT 

Two job analyses were conducted to define knowledge 
domains for newly certified chemistry and physics teachers, 
respectively, to perform their jobs competently. The results of the 
job analyses will be used to develop test specifications for the 
Praxis II Series subject Assessments in Chemistry and Physics. 
Initial draft domains were prepared for both subjects and reviewed by 
advisory panels. After revision, the draft domain for chemistry 
consisted of 8 major content areas and 181 knowledge statements. The 
domain for physics consisted of 8 major content areas and 184 
statements. Survey responses of 175 teachers and 81 teacher educators 
supported 116 statements as important for the chemistry knowledge 
domain. Responses of 330 teachers and teacher educators supported 124 
of the 184 physics statements. The supported statements and major 
content areas from both surveys should be used to construct test 
specifications to measure content knowledge for physics and chemistry 
teachers. Eight appendixes include the surveys and supplemental 
information about responses and methodology. Twelve tables present 
study findings. (Contains nine references.) (SLD) 



Vc Vc V * Vc ;V Vc Vc Vf Vc Vf Vf Vc Vf Vc Vc Vf Vc Vc Vc Vc Vc Vc Vc Vc it Vf Vc Vf Vf Vr Vc Vf Vf Vc Vc Vc Vc Vc Vc :'c Vc Vc Vc Vc Vc Vc Vf Vf Vc Vc Vf Vc 

Reproductions supplied by EDRS are the best that can be made ''^ 
from the original document. ''^ 

?V Vc Vc Vc Vc it y f Vc Vc i( Vc Vc Vc Vc Vc Vc it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it it 



SERIES 



Job Analyses of the 
Knowledge Important 
for Newly Licensed 
(Certified) Chemistry 
and Physics Teachers 



Professional Assessments for Beginning Teachers" 



Richard J. Tannenbaum 



OMice Ol 6ducatK)n»l ReM«rc^ ind Improvemenl 



U S. DEPARTMENT OF EDUCATION 



EDUCyrONAL RESOURCES INFORMATION 




"^his document has Men reproduced as 
received from Ihe person or Ofgani2ation 
ortgmadng ii 



CENTER (ERIC) 



r Minor changes have been mj<Je to«nnprove 
reproduction quality 



a Potnts of view or opinions Stated m this docu 
ment 00 not necessarily represent official 
OERl position or policy 



November 1992 



■PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 



BEST COPY AVAILABLE 



TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERlC) *" 



RR. 92-78 




2 



Copyright © 1992 by Educational Testing Service. All rights reserved. 

EDUCATIONAL TESTING SERVICE, ETS, and the ETS logo are registered trademarks of 
Educational Testing Service. THE PRAXIS SERIES: PROFESSIONAL ASSESSMENTS FOR 
BEGINNING TEACHERS and its design logo are trademarks of Educational Testing Service. 



Job Analyses of the Knowledge Important for 

Newly Licensed (Certified) Chemistry and Physics Teachers 



by 

Richard J. Tannenbaum 



Division of Applied Measurement Research 
Educational Testing Service 
Princeton, New Jersey 
November 1992 



4 



Copyright ^ 1992 by Educational Testing Service. All rights reserved. 

Educational Testing Service, ETS and the ETS logo are registered trademarks of Educational Testing Service. 
The Praxis Series: Professional Assessments for Beginning Teachers and its design logo are trademarks of 
Educational Testing Service. 



Acknowledgements 



I would like to extend my gratitude to the many individuals-who helped make these job 
analysis studies a success. A number of colleagues at ETS played important roles in the 
completion of this project. Miriam Fuhrman, Michael Kaplan, Angle Holler, and John 
Economou did an outstanding job of constructing the initial drafts of the chemistry and physics 
knowledge domains. They were invaluable when it came to identifying and contacting external 
subject-matter experts to participate in the study and instrumental in making the Advisory /Test 
Development Committee meeting a success. This information was relayed to me by Scott 
Wesley, Patricia Bukatko, and Susan Wilson, who, in my absence, facilitated the conduct of the 
meeting. Thank you for being there, when I could not. My gratitude also extends to Michael 
Rosenfeld for his overall guidance and helpful feedback and Anne Reynolds for her 
development of a framework of content-specific pedagogy that was the basis for the construction 
of the Physical Sciences Pedagogy section of the job analysis studies. Many thanks to Cindy 
Hammell for producing the appendixes of this report. I would also like to thank the members 
of the External Review Panels and the Advisory /Test Development Committee for their 
significant contributions to the construction of the chemistry and physics knowledge domains. 
Lastly, I thank the professional associations that provided the mailing lists for the administration 
of the job analysis surveys, and the teachers, teacher educators, and administrators who spent 
time completing and returning the surveys. 



ERIC 



Educational Testing Service, KYS and the nVS logo arc registered trademarks of lulucaiional Testing Service. 'ITie Praxis Scries: 
Professional Assessments for Beginning Teachers and its design logo art trademarks of Fxlucational Testing Service. 



6 



Job Analyses of the Knowledge Important 
For Newly Licensed (Certified) Chemistry and Physics Teachers 

Richard J. Tannenbaum 

Executive Summery 

Two job analysis studies were conducted to define knowledge domains important for newly 
licensed (certified) chemistry and physics teachers, respectively, to perform their jobs in a 
competent manner. The results of the job analyses will be used to develop test specifications for 
the Praxis 11 Subject Assessments in Chemistry and Physics. 

Initial draft domains of important knowledge statements were constructed by ETS Test 
Development staff with expertise in chemistry and physics and ETS Research staff with expertise 
in job analysis. In the process of developing these drafts, the ETS subject-matter experts 
reviewed previous National Teacher Examination (NTE) chemistry and physics test 
specifications, state licensure (certification) requirements, and relevant professional literature. 

The draft domain for chemistry consisted of eight major content areas partitioned into 
various subareas and 162 specific knowledge statements. The eight major content areas were: 
(1) Chemistry as an Experimental Science, (2) Organization of Matter, (3) Chemical Bonding 
and Molecular Geometry, (4) The Kinetic Theoiy and States of Matter, (S) Thermodynamics 
and Chemical Reactions, (6) Solutions and Solubility, (7) Environmental/Societal Issues 
Related to Chemistry, and (8) Pedagogy Specific to Chemistry. 

The draft domain for physics consisted of nine major content areas also partitioned into 
various subareas and 160 specific knowledge statements. The nine major content areas were: 
(1) Properties and States of Matter, (2) Mechanics, (3) Heat and Thermodynamics, (4) 
Electricity and Magnetism, () Wave Motion, (6) Atomic and Nuclear Physics, (7) 
Environmental/Societal Issues Related to Physics, (8) Mathematical and Measurement SkillSt 
and (9) Pedagogy Specific to Physics. 

After the draft domains were constructed each was mailed to a different panel of nine 
external subject-matter experts (one panel with content expertise in chemistry received the 
chemistry domain and the other with content expertise in physics received the physics domain). 
These subject-matter experts were secondary school teachers and teacher educators. The 
purpose of each External Review Panel was to review the draft domain in terms of: (1) the 
appropriateness of the overall structure (i.e., do the major content areas adequately define the 
important components of the knowledge domain) and (2) the appropriateness of the specific 
knowledge statements and their completeness and clarity. Revisions suggested by the panels, 
includmg additions and deletions of content areas and knowledge statements, were obtained via 
telephone mterviews conducted by ETS Research staff Based upon the compiled suggestions 
some reorganization of the domains occurred. 
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The structure of the chemistry domain was modified to include eight new major content 
areas partitioned into various subareas and 156 specific knowledge statements. The eight new 
major content areas were: (I) Scientific Methodology/Technology/ History (which incorporated 
content from the original area Chemistry as an Experimental Science); (2) Basic Topics in 
Physical Science (which included content from the original areas Organization of Matter; 
Kinetic Theory and States of Matter; and Thermodynamics and Chemical Bonding Reactions); 
(3) Chemical Periodicity; (4) Nomenclature; (5) The Mole, Chemical Bonding, and Molecular 
Geometry; (6) Biochemistry; (7) Science, Technology, and Society (which included the content 
from the original area Environmental/Societal Issues Related to Chemistry); and (8) Pedagogy 
Specific to the Physical Sciences. 

The structure of the physics domain was niodified to include eight new major content areas 
partitioned into various subareas and 160 specific knowledge statements. The eight new major 
content areas were: (1) ScientiHc Methodology/Technology/History (which included content 
that originally was part of the area Mathematical and Measurement Skills); (2) Basic Topics in 
Physical Science (which incorporated content from the original areas Properties and States of 
Matter and Heat and Thermodynamics); (3) Mechanics; (4) Electricity and Magnetism; (5) 
Waves; (6) Modem Physics (which incorporated the original area Atomic and Nuclear Physics); 
(7) Science, Technology, and Society (which included the content from the original area 
Environmental/Societal Issues Related to Physics); and (8) Pedagogy Specific to the Physical 
Sciences. 

The revised draft domains were then reviewed by an Advisory /Test Development 
Committee. This committee consisted of secondary school teachers, teacher educators, and a 
district administrator with expertise in both chemistry and physics. One committee was formed 
because of the large degree of overlap in the knowledge domains of chemistry and physics. The 
purpose of this committee was to modify the draft domains so that they accurately reflected 
what the members of the committee believed were the knowledge important for new licensed 
(certified) chemistry and physics teachers. This modification process occurred during a four-day 
meeting held at ETS. The outcomes of the modification included only minor wording changes 
and the additional deletion of some knowledge statements. 

The revised domains were then subject to verification/refutation through national surveys 
of chemistry and physics education professionals (i.e., teachers, teacher educators, and state 
administrators). The chemistry education professionals received the chemistry knowledge 
domain; and the physics education professionals received the physics knowledge domain. The 
participants were asked to rate the specific knowledge statements in terms o importance for and 
level of understanding needed by newly licensed (certified) chemistry and physics teachers. 

Three types of data analysis were conducted to support the development of content valid 
(content relevant) test specifications for the Subject Assessments in chemistry and physics: 
(1) means were computed of the importance ratings for each knowledge statement by the groups 
of education professionals and by the appropriate subgroups of respondents; (2) correlations of 
the profiles of these mean importance ratings were computed across the groups of education 
professionals and within the appropriate subgroups of respondents; and (3) percents were 
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computed across each of the five response categories associated with the level of understanding 
rating scale for each knowledge statement. These percents were computed at the aggregate 
level of the survey respondents to provide more easily interpretable, and therefore, useful 
information to the Advisory /Test Development Committee. To be included in the mean and 
correlational analyses, a respondent category was required to have at least 30 respondents (e.g., 
> 30 state administrators, > 30 females). This is a necessary condition to ensure that the 
computed mean values are accurate estimates of the corresponding population mean values 
(Walpble, 1974), 

A mean importance rating cutpoint of 2.50 (midpoint between moderately important and 
important) was established to designate knowledge statements as eligible (> 2,50) or ineligible 
(< 2.50) for inclusion in the development of test specification. 

Study 1: Chemistry 

The results of the mean analysis conducted by teachers ar.d teacher educators (there were 
no respondents identified as state administrators) indicated 60 knowledge statements were rated 
less than 2.50. This represents 33% of the content domain. Five additional knowledge 
statements were rated below 2.50 by two of the subgroups (geographic region and teaching 
experience) of respondents. In total, 65 of the 181 statements (36%) did not meet the 2^0 
criterion for inclusion. Still, however, 64% of the domain (116 statements) is eligible for 
inclusion in the development of test specifications. 

The computation of correlation coefficients to assess agreement in terms of perceived 
relative importance of the knowledge statements indicated a very high level of agreement. The 
coefficient for the comparison between teachers and teacher educators was ,92; the coefficients 
for the subgroup comparisons all exceeded ,90. 

The 116 knowledge statements that were verified to be important by the surveyed teachers, 
teacher educators, and the subgroups should be used as the foundation for the development of 
test specifications. Test specifications that are linked to the results of a job analysis provide 
support for the content validity of the derived assessment measures and may be considered as 
part of an initial step in ensuring the fairness (to subgroups of chemistry teacher candidates) of 
the derived assessment measures. It is reasonable to assume that, due to testing and 
psychometric constraints (e.g., time limits, ability to measure reliably some content), not all of 
the verified content may be included on the assessment measures. One source of information 
that may be used to guide the Advisory /Test Development Committee in its decision of what 
verified content to include on the assessment measures is the mean importance rating. 
Although a rank ordering of the content by mean importance rating is not implied, it is 
recommended that initial consideration be given to content that is well above the cutpoint and 
represents the appropriate breadth of content coverage. 
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The results of the analysis of the level of understanding rating scale indicated that 40% of 
the knowledge statements should be measured between the levels of comprehension and 
application /utilization; and an additional 48% should be measured between the levels of 
application /utilization and analysis. 

Evidence was also provided in this study of judged importance of the eight major content 
areas and the comprehensiveness of the knowledge domain. These two pieces of information 
have implications for the adequacy of the chemistry knowledge domain, tf the domain was 
adequately defined then each major content area should have been judged to be important and 
well covered. The results support the adequacy of the defined knowledge domain. With respect 
to importance (see Table 1), both teachers and teacher educators judged the same four content 
areas to be important and one or the other group judged the remaining content areas to be 
moderately important or important. With respect to content coverage (see Table 5), the 
teachers judged six content areas to be well covered and two to be between adequately covered 
and well covered. The teacher educators judged two content areas to be well covered and six to 
be between adequately covered and well covered. 

Study 2: Physics 

The results of the mean analysis conducted by teachers and teacher educators (there were 
no respondents identified as state administrators) indicated 56 knowledge statements were rated 
less than 2.50. This represents 30% of the knowledge domain. Four additional knowledge 
statements were rated below 2.50 by two of the subgroups (sex and teaching experience) of 
respondents. In total, 60 of the 184 statements (33%) did not meet the 2*50 criterion for 
inclusion. Stiil, however, 67% of the domain (124 statements) is eligible for inclusion in the 
development of test specifications. 

The computation of correlation coefficients to assess agreement in terms of perceived 
relative importance of the knowledge statements indicated a very high level of agreement. The 
coefficient for the comparison between teachers and teacher educators was .91; the coefficients 
for the subgroup comparisons all exceeded .90. 

The 124 knowledge statements that were verified to be important by the surveyed teachers, 
teacher educators, and the subgroups should be used as the foundation for the development of 
test specifications. Test specifications that are linked to the results of a job analysis provide 
support for the content validity of the derived assessment measures and may be considered as 
part of an initial step in ensuring the fairness (to subgroups of physics teacher candidates) of the 
derived assessment measures. It is reasonable to assume that, due to testing and psychometric 
constraints (e.g., time limits, ability to measure reliably some content), not all of the verified 
content may be included on the assessment measures. One source* nf information that may be 
used to guide the Advisory/Test Development Committee in its decision of what verified 
content to include on the assessment measures is the mean importance rating. Although a rank 
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ordering of the content by mean importance rating is not implied, it is recommended that initial 
consideration be given to content that is well above the cutpoint and represents the appropriate 
breadth of content coverage. 

The results of the analysis of the level of understanding rating scale indicated that 58% of 
the knowledge statements should be measured between the levels of comprehension and 
application /utilization; and an additional 48% should be measured between the levels of 
application I utiUzation and analysis. 

Evidence was also provided in this study of the judged importance of the eight major 
content areas and the comprehensiveness of the knowledge domain. These two pieces of 
infonnation have implications for the adequacy of the physics knowledge domain. If the domain 
was adequately defined then each major content area should have been judged to be important 
and well covered. The results support the adequacy of the defined content domain. With 
respect to importance (see Table 7), both teachers and teacher educators judged the same five 
content areas to be important. Of the remaining three content areas, one was judged to be 
important by the teacher educators and moderately important by the teachers; and two were 
judged to be moderately important by both teachers and teacher educators. With respect to 
content coverage (see Table 11), both teachers and teacher educators judged all eight content 
areas to be well covered. 
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Job Analyses of the Knowledge Important 
for Newly Licensed (Certified) Chemistry and Physics Teachers 

Introduction 

The Subject Assessments in the Sciences of The Praxis Series: Professional Assessments 
for Beginning Teachers'^ offer a multiple-choice core test and one or more candidate- 
constructed-response modules. The optional modules include Content Area Performance 
Assessments that allow candidates to demonstrate in-depth understanding of the subject and 
Content-Specific Pedagogy modules to demonstrate knowledf about teaching the subject. The 
Praxis Series can be used by state agencies as one of several criteria for initial teacher licensure 
(certification). Two of the Subject Assessments in the Sciences cover the physical sciences of 
chemistry and physics. To identify the content domains of these examinations and to support 
the content validity (content relevance) of these examinations, two job analysis studies were 
conducted of the knowledge important for newly licensed (certified) chemistry and physics 
teachers, respectively. This report will describe the job analysis studies. In particular, it will 
present the (1) methods used to identify and define the job-related knowledge, (2) types of 
statistical analysis conducted, (3) results of these analyses, and (4) implications of the results for 
developing test specifications. 

Standards for Educational and Psychological Testing 

The Standards for Educational and Psychological Testing (1985) is a comprehensive technical 
guide that provides criteria for the evaluation of tests, testing practices, and the effects of test 
use. It was developed jointly by the American Psychological Association (APA), the American 
Educational Research Association (AERA), and the National Council on Measurement in 
Education (NCME). The guidelines presented in the Standards have, by professional consensus, 
come to define the necessary components of quality testing. As a consequence, a testing 
program that adheres to the Standards is more likely to be judged to be valid (defensible) than 
one that daes not. 

There are two categories of criteria within the Standards, primary and secondary. Those 
classified as primary "should be met by all tests . . . unless a sound professional reason is 
available to show why it is not necessary, or technically feasible, to do so in a particular case. 
Test developers and users ... are expected to be able to explain why any primary standards 
have not been met" (AERA/APA/NCME, 1985, p. 2). One of the primary standards is that the 
content domain of a licensure or certification test should be defined in terms of the importance 
of the content for competent performance in an occupation. "Job analyses provide the primary 
basis for defining the content domain." (p. 64). 

The use of job analysis to define the content domain is a critical component in establishing 
the content validity of licensure and certification examinations. Content validity is the principle 
validation strategy used for these examinations. It refers to the extent to which the content 
covered by an examination overlaps with the important components (tasks, knowledge, skills, or 
abilities) of a job (Arvey & Faley, 1988), Demonstration of content validity is accomplished 
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through the judgments of subject-matter experts. It is enhanced by the inclusion of large 
numbers of subject-matter experts who represent the wide range of relevant areas of expertise 
(Ghiselli, Campbell, & Zedeck, 1981). The lack of a weU-designed job analysis is frequently 
cited (by the courts) as a major cause of test invalidity. 

Job Analvsis 

Job analysis refers to procedures designed to obtain descriptive information about the tasks 
performed on a job and/or the knowledge, skills, and abilities thought necessary to perform 
those tasks (Gael, 1983). The specific type of job information collected by a job analysis is 
determined by the purpose for which the information will be used. For purposes of developing 
licensure and certification examinations, a job analysis should identify the important knowledge 
or abilities necessary to protect the public - interpreted as the importance of the content for 
competent performance in an occupation {Standards for Educariona. and Psychological Testing, 
AERA/APA/NCME, 1985). In addition, a weU-designed job analysis should include the 
participation of various subject-matter experts (Mehrens, 1987); and the data collected should be 
representative of the diversity within the job. Diversity refers to regional or job context factors 
and to subject-matter-expert factors such as race/ethnicity, experience, and sex (Kuehn, Stallings, 
& Holland, 1990). The job analyses conducted for chemistry and physics were designed to be 
consistent with the Standards and current professional practices. 

Objectives of the Job Analysis Studies 

The objectives of these studies were: (1) to construct comprehensive domains of 
knowledge that are important for newly licensed (certified) chemistry and physics teachers; and 
then (2) to obtain, using survey methodology, the independent judgments of two national 
samples of chemistry and physics educational professionals (i.e., teachers, teacher educators, 
state administrators) to verify or refute the importance of the domains. The 
verification/refutation component serves a critical role to ensure that the domains (in whole or 
in part) are judged to be relevant to the job of newly licensed (certified) chemistry and physics 
teachers by a wide range of education professionals. Knowledge that is verified to be important 
will be used in the development of test specifications for The Praxis II Subject Assessments in 
the Sciences. 

Method 

In overview, the methodology consisted of defining the knowledge important for newly 
licensed (certified) chemistry and physics teachers to perform their jobs in a competent manner. 
This was accomplished first by having subject-matter experts define knowledge domains 
important for newly licensed (certified) chemistry and physics teachers and then by presenting 
these judgments for verification or refutation through national surveys of chemistry and physics 
education professionals. The chemistry education professionals received the chemistry 
knowledge domain; and the physics education professionals received the physics knowledge 
domain. The verification/refutation aspect of the survey approach functions as a "check and 
balance" on the judgments of the subject-matter experts and reduces the likelihood that 
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unimportant knowledge will be included in the development of the test specifications. The 
survey participants were chemistry and physics teachers, teacher educators, and state 
administrators whose names were obtained from the memberships of the (1) American 
Chemical Society, (2) American Association of Physics Teachers, and (3) National Science 
Teachers Association. The participants were asked to rate specific knowledge statements in 
terms of importance for and level of understanding needed by newly licensed (certified) chemistry 
and physics teachers to perform their jobs in a competent manner. The specific steps in the job 
analyses are described below. 

Build Draft Domains of Knowledge 

The first step in the process of conducting the job analyses was to construct preliminary 
knowledge domains. These drafts would function as the initial definition of the knowledge 
domains of newly licensed (certified) chemistry and physics teachers. The domains were 
constructed by Educational Testing Service (ETS) Test Development staff with subject-matter 
expertise in chemistry and physics and ETS Research staff with expertise in job analysis. In the 
process of developing these drafts, the ETS subject-matter experts reviewed previous National 
Teacher Examination (NTE) chemistry and physics test specifications, state licensure 
(certification) requirements, and relevant professional literature. 

The draft domain for chemistry consisted of eight major content areas partitioned into 
various subareas and 162 specific knowledge statements. The eight major content areas were: 
(1) Chemistry as an Experimental Science, (2) Organization of Matter, (3) Cliemical Bonding 
and Molecular Geometry, (4) The Kinetic Theory and States of Matter, (5) Thermodynamics 
and Chemical Reactions, (6) Solutions and Solubility, (7) Environmental/Societal Issues 
Related to Chemistry, and (8) Pedagogy Specific to Chemistry. 

The draft domain for physics consisted of nine major content areas also partitioned into 
various subareas and 160 specific knowledge statements. The nine major content areas were: 
(1) Properties and States of Matter, (2) Mechanics, (3) Heat and Thermodynamics, (4) 
Electricity and Magnetism, (5) Wave Motion, (6) Atomic and Nuclear Physics, (7) 
Environmental/Societal Issues Related to Physics, (8) Mathematical and Measurement Skills, 
and (9) Pedagogy Specific to Physics. 

Review of Draft Domains by External Review Panels 

After the draft domains were constructed each was mailed to a different panel of nine 
external subject-matter experts (one panel with content expertise in chemistry received the 
chemistry domain and the other with content expertise in physics received the physics domain). 
These subject-matter experts were secondary school teachers and teacher educators and had 
representation by sex and geographic region (see Appendix A for list of members). The 
purpose of each External Review Panel was to review the draft domain in terms of: (1) the 
appropriateness of the overall structure (i.e., do the major content areas adequately define the 
important components of the knowledge domain) and (2) the appropriateness of the specific 
knowledge statements and their completeness and clarity. In addition, the members of the 
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panels were asked to identify other knowledge that they believed should be added to the 
domain. The recommendations of the panels were obtained via telephone interviews conducted 
by ETS Research staff. ETS Test Development staff then reviewed the compiled 
recommendations of the panels. Based upon the suggested revisions of the panels and Test 
Development staffs re-evaluation of the domains, some reorganization occurred. 

The structure of the chemistry domain was modified to include eight new major content 
areas partitioned into various subareas and 156 specific knowledge statements. The eight new 
major content areas were: (1) Scientific Methodology/Technology/History (which incorporated 
content from the original area Chemistry as an Experimental Science); (2) Basic Topics in 
Physical Science (which included content from the original areas Organization of Matter; 
Kinetic Theory and States of Matter; and Thermodynamics and Chemical Bonding Reactions); 
(3) Chemical Periodicity; (4) Nomenclature; (5) The Mole, Chemical Bonding, and Molecular 
Geometry; (6) Biochemistry; (7) Science, Technology, and Society (which included the content 
from the original area Environmental/Societal Issues Related to Chemistry); and (8) Pedagogy 
Specific to the Physical Sciences. 

The structure of the physics domain was mo^ ified to include eight new major content areas 
partitioned into various subareas and 160 specific knowledge statements. The eight new major 
content areas were: (1) Scientific Methodology/Technology/History (which included content 
that originally was part of the area Mathematical and Measurement SkUls); (2) Basic Topics in 
Physical Science (which incorporated content from the original areas Properties and States of 
Matter and Heat and Thermodynamics); (3) Mechanics; (4) Electricity and Magnetism; (5) 
Waves; (6) Modem Physics (which incorporated the original area Atomic and Nuclear Physics); 
(7) Science, Technology, and Society (which included the content from the original area 
Environmental/Societal Issues Related to Physics); and (8) Pedagogy Specific to the Physical 
Sciences. 

Advisory /Test Development Committee Meeting 

Consistent with a content validity framework, the job analysis studies were designed to 
obtain input from many subject-matter experts at several critical points in the domain definition 
process. To this end, an Advisory /Test Development Committee of secondary school teachers 
(n=5), teacher educators (n = 2), and a district administrator was formed (see Appendix B for 
list of members). This committee also had representation by race/ethnicity, sex, and geographic 
region. One committee was formed because of the large degree of overlap in the knowledge 
domains of chemistry and physics. The committee members, appropriately, had relevant 
expertise in both chemistry and physics. The purpose of this committee was to review the draft 
domains (both chemistry and physics) in terms of their overall structures, completeness, 
appropriateness of the knowledge statements and clarity of wording. In addition, the members 
were asked to identify other content areas and knowledge statements that they believed should 
be added to the domains and to delete content areas and knowledge statements that they 
believed should not be included in the domains. In essence, the members were asked to modify 
the domains so that they accurately reflected what the committee believed were the knowledge 
important for newly licensed (certified) chemistry and physics teachers. The committee also 
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reviewed and approved the rating scales for the national surveys and the biographical data th^t 
would be asked of the survey participants. The biographical data were collected to describe the 
composition of those who returned completed surveys and to permit analysis of the survey 
responses by various subgroups of respondents (e.g., males and females). 

The revision process occurred during a four-day meeting held at ETS. The meeting was led 
jointly by ETS Test Development and Research staff. (Prior to the meeting, the members of the 
committee were mailed copies of both draft domains to review. They were informed about the 
purpose of the meeting and asked to come prepared to discuss their reviews of the draft 
domains.) During the course of the meeting, the domains were revised to reflect the consensus 
of the committee. This resulted in minor wording changes and the addition and deletion of 
some knowledge statements. However, no significant changes occurred in the structure of either 
domain. 

Pilot Test of the Job Analysis Surveys 

Prior to the national administrations, the job analysis surveys were mailed to a small group 
of chemistry and physics secondary school teachers and teacher educators. These pilot 
participants were asked to review either the chemistry or physics survey for clarity of wording 
and instruction, ease of use, and comprehensiveness of content coverage. They were asked to 
make their comments on a questionnaire that accompanied the survey and to mail the 
questionnaire and survey back to ETS in a postage-paid envelope. No significant revisions were 
suggested by the pilot participants. 

Final Format of the Job Analysis Surveys 

The finalized job analysis surveys (see Appendix C for copies of the surveys) consisted of 
three parts. Part I of each survey included the content areas and specific knowledge statements. 
Space was also provided for respondents to add knowledge statements that they believed should 
be included in the domain. In addition, the respondents were asked to rate, using a 5-point 
scale, how well the knowledge statements within a major content area covered the important 
aspects of that major content area. This provides an indication of content coverage. The eight 
major content areas that defined the chemistry domain included 181 specific knowledge 
statements and eight overall content area importance statements. The eight major content 
areas that defined the physics domain included 184 specific knowledge statements and eight 
overall content area importance statements. The knowledge statements were judged using two 
rating scales. (The same rating scales were used in each survey, except for the substitution of 
the terms chemistry and physics. For illustrative purposes, the scales for chemistry are 
presented below.) One was an importance scale: 
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How important is an understanding of this knowledge area for newly licensed (certified) chemistry teachers 
if they are to perform their jobs in a competent manner? 

(0) Of no importance 

(1) Of little importance 

(2) Moderately important 

(3) Important 

(4) Very important 

This scale is consistent with the Standards emphasis on identifying a content domain that is 
important for competent job performance. The other scale addressed the level of understanding 
needed for competent job performance: 

What level of understanding is typically needed by newly licensed (certified) chemistry teachers in each 
knowledge area? 

(0) An understanding of the content area is not needed 

(1) Requires the ability to define the terms used in the knowledge area 

(2) Requires the ability to comprehend the essential properties of the knowledge area 

(3) Requires the ability to applv/utitize the knowledge area to address problems or 
questions 

(4) Requires the ability to analyze the knowledge area into component parts and 
explain the interrelationships among the parts 

This rating scale was designed to provide Test Development staff, responsible for developing test 
specifications, with information that may assist in their decisions about the level of cognitive 
complexity that should be represented on the specifications. Both of these rating scales were 
reviewed and approved by the Advisory /Test Development Committee. 

Part n of each survey asked the participants to indicate the relative weight that each of 
the major content areas should receive on the examination. This was accomplished by their 
distributing 100 total points across the major content areas. These point distributions were 
easily converted into percentages, representing the percent of items that the survey respondents 
believed should be devoted to each area. 

Part III of each survey was the background information section. The survey participants 
were asked to respond to several questions that described their demographic makeup (e.g., 
teaching experience, age, sex, race/ethnicity). This information was used to describe the survey 
respondents and to perform relevant subgroup analyses. 

Administration of the Job Analysis Surveys 

Each of the job analysis surveys, accompanied by a letter of invitation to participate (see 
Appendix D for copies of the letters), was maUed to 800 education professionals. The chemistry 
survey was maUed to 500 chemistry teachers (10 per state), 250 teacher educators (5 per state), 
and 50 administrators (1 per state). These individuals were randomly selected from the 
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memberships of the American Chemical Society and the National Science Teachers Association. 
The physics survey also was mailed to 800 education professionals in the same proportions as 
the chemistry survey. These individuals were randomly selected from the memberships of the 
American Association of Physics Teachers and the National Science Teachers Association. 
Approximately one week after the surveys were mailed, a follow-up postcard was mailed to the 
participants reminding them to complete and return the surveys. 

The purpose of the survey administrations was to identify a core of knowledge 
statements that relatively large numbers of education professionals judged to be relevant 
(verified to be important) to newly licensed (certified) chemistry and physics teachers. The 
latter objective is accomplished by analyzing the mean importance ratings provided by the three 
groups of education professionals and by the appropriate subgroups of respondents. Knowledge 
statements that are judged to be important by all respondent groups and subgroups (within 
chemistry and physics) define the respective cores. Each core becomes the primary database for 
the development of test specifications. The derivation of test specifications from those 
knowledge statements verified to be important by the surveyed education professionals provides 
a substantial evidential basis for the content validity (content relevance) of the Subject 
Assessments in Chemistry and Physics. 

Results 

Data Analyses of Survey Responses 

Three types of data analysis were conducted to support the development of content valid 
(content relevant) test specifications for the Subject Assessments in Chemistry and Physics: (1) 
means were computed of the importance ratings for each knowledge statement by the groups of 
education professionals and by the appropriate subgroups of respondents; (2) correlations of the 
profiles of these mean importance ratings were computed across the groups of education 
professionals and within the appropriate subgroups of respondents; and (3) percents were 
computed across each of the five response categories associated with the level of understanding 
rating scale for each knowledge statement. These percents were computed at the aggregate 
level of the survey respondents to provide more easily interpretable, and therefore, useful 
information to the Advisory /Test Development Committee. To be included in the mean and 
correlational analyses, a respondent category was required to have at least 30 respondents (e.g., 
> 30 state administrators, > 30 females). This is a necessary condition to ensure that the 
computed mean values are accurate estimates of the corresponding population mean values 
(Walpole, 1974). 

Means . The mean analysis is used to determine the level (absolute value) of importance 
attributed to the knowledge statements by teachers, teacher educators and state administrators, 
and by appropriate subgr oups of respondents (sex, race/ethnicity, geographic region, teaching 
experience). Knowledge tatements that meet or exceed a mean importance value of 2.50 (to be 
discussed in a later section) by all groups of education proressionals (teachers, teacher 
educators, and state administrators) and by all subgroups of respondents may be included in the 
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development of the test specifications. In addition, mean ratings were computed for the 
responses to the content coverage section and the recommendation for test content section of 
each job analysis survey. 

Correlations . The correlational analysis is used to determine the extent of agreement 
among the groups of education professionals and within the subgroups of respondents about the 
relative importance of the knowledge statements. Relative importance refers to the similarity of 
the pattern of mean ratings generated by the different respondent groups. For example, the 
profile of 181 mean ratings for chemistry teachers is correlated with the profile of 181 mean 
ratings for teacher educators. If these two profiles are similar (the shapes of the profiles are 
complementary), the value of the correlation coefficient will be close to 1.00. 

Percents . The percent analysis may be used by test development committees to guide 
their decisions alx)ut the level of cognitive complexity that should be represented on the 
examinations. By inspecting where among the five response categories the largest percentages 
are located, test developers may, more accurately, be able to construct examination items at an 
appropriate cognitive level for beginning (newly licensed or certified) chemistry and physics 
teachers. 

Criterion for Interpretation of Mean Impo rtance Ratings 

Since the purpose of job analysis is to ensure that only the more important knowledge 
statements are included in the development of test specifications, a criterion (cutpoint) for 
inclusion needs to be established. A reasonable criterion that has been used in a similar job 
analysis study (Rosenfeld & Tannenbaum, 1991) is a mean importance rating that represents the 
midpoint between moderately important and the next higher scale value. For the import<ance 
rating scales used in the present job analysis studies, the value of this criterion is 2.50 (midpoint 
between moderately important and important). It is believed that this criterion is consistent 
with the intent of content validity, which is to include important knowledge and to exclude 
unimportant knowledge from the assessment measures. Therefore, knowledge statements that 
receive a mean importance rating of 2.50 or more may be considered eligible for inclusion in the 
development of test specifications; knowledge statements that receive a mean rating of less than 
2.50 may not be considered for inclusion. (However, because survey participants were not 
involved in the development of the content domains, they may lack certain insights that the 
Advisory/Test Development Committee members have due to their high level of involvement in 
the definition of the domains. As a consequence, if the committee believes that a knowledge 
statement rated below 2.50 should be included in the specifications and the committee can 
provide compelling written rationales, that knowledge statement may be reinstated for inclusion in 
the test specifications.) 
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Study I: Chemistry 



Survey Respondents 

Response rate . Of the 800 total surveys that were mailed, eight were returned due to an 
invalid mailing address. Thus, 792 surveys were actually administered. Of these 792, 329 were 
returned. This represents an overall response rate of 42% (329/792). 

Demographic characteristics . Sixty percent of the respondents were between the ages of 
35 years and 54 years. Sixty-eight percent were males and 32% were females. The majority of 
respondents (92%) were White. Most (59%) had 11 or more years of teaching experience in 
chemistry. Fifty-five percent identified themselves a^either regular teachers (not substitutes) or 
permanent substitutes; 26% identified themselves as college faculty; none of the respondents 
identified themselves as a state administrator. Twenty-one percent of the respondents were 
from the Northeast region of the country; 29% were from the Central region; 23% were from 
the Southern region; and 27% were from the Far West region. A complete breakdown of the 
demographic characteristics of the respondents is provided in Appendix E. 

Results of Data Analyses: Teachers and Teacher Educators 

Mean importance . The mean importance rating for each of the 181 knowledge 
statements is provided in Appendix F. The means are presented for (1) teachers (regular and 
permanent substitutes, n= 175) and (2) teacher educators (n=81). Bfecause none of the 
respondents identified himself/herself as a state administrator, this demographic group was not 
included in the analysis. Inspection of these distributions of mean ratings indicated that 
teachers rated 51% of the knowledge statements (n=92) 3.00 (important) or higher; teacher 
educators rated 29% of the knowledge statements (n=52) 3.00 or higher. A comparison of the 
means across the two groups indicated that teachers rated 158 knowledge statements (87%) 
higher than did teacher educators. 

The overall mean importance ratings for the eight major content areas were also 
computed for teachers and teacher educators. The means are presented in Table 1. Four 
content areas. Scientific Methodology/Techniques/History; Basic Topics in Physical Science; 
Chemical Periodicity; and The Mole, Chemical Bonding, and Molecular Geometry, were judged 
to be important (scale vale of 3.00) by both groups of respondents. The other four content 
areas. Nomenclature; Biochemistry; Science, Technology, and Society; and Pedagogy Specific to 
the Physical Sciences, were judged to be moderately important (scale value of 2.00) or 
important by either teachers or teacher educators. 
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Table 1 

Overall Mean Importance Ratings for Each of the Eight Major Knowledge Areas by Teachers and Teacher 
Educators 

Means 



Major Content Areas 


Teachers 


Teacher 
Educators 


Scientific Methodology/Tecimiques/History 


3.33 


3.22 


Basic Topics in Physical Science 


3.30 


3.19 


Chemical Periodicity 


3.52 


3.22 


Nomenclature 


3.09 


2.82 


The Mole, Chemical Bonding, and Molecular Geometry 


356 


3.41 


Biochemistry 


2.19 


2.40 


Science, Technology, and Society 


2.75 


2.49 


Pedagogy Specific to the Physical Sciences 


3.11 


2.79 



As previously discussed, knowledge statements that receive a mean importance rating of 
less than 2.50 (midpoint between moderately important and important) may not be considered 
for inclusion in the development of test specifications, unless a compelling written rationale is 
provided by the Advisory/Test Development Committee for their reinstatement. ITiose 
knowledge statements rated less than 2.50 by the teachers and/or teacher educators are 
presented in Table 2. Of the 181 individual knowledge statements, 60 (33%) were rated below 
2.50; and of these 60 statements, almost half (48%) were rated below 2.50 only by the teacher 
educators. 

Correlation of the profiles of mean importance ratings . The profiles of mean 
importance ratings for the teachers and teacher educators were correlated. The value of the 
correlation coefficient was .92. This indicates that there is a very high level of agreement 
between the two respondent groups in terms of the relative importance of the knowledge 
statements. 
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Table 2 

Knowledge Statements Rated Below 230 by Teachers and/or Teacher Educators 







TEACHERS 
N = 175 


TEACHER 
EDUCATORS 
N = 81 






Mean 


Mean 


A. SCIENTIFIC METHODOLOGY/TECHNIQUES/HISTORY 






History and PhilosoDhv of Science 






5. 


Historical root» of sdenoe 


2.26 


2.23 


6. 


Contributions of individuals 


2.18 


2.10 


7. 


Contributions of ethnic groups and cultures 


1.73 


1.27 


Mathematics. Measurement, and Date Manioulation 






15. 


SUtistics of distributions 


2.01 


1.99 


16. 


Simple digital (binary) iogic 


1.56 


1.57 


18. 


Differentiation and simple integration 


1.53 


1.81 


B. BASIC TOPICS IN PHYSICAL SCIENCE 






Heat and Thermodynamics 






33. 


Historical deveiopment of heat and energy 


1.92 


1.82 


35. 


Brownian motion 


2.28 


2.01 


38. 


Conduction, convection, and radiation 


2.42 


2.26 


42. 


' Expansion and contraction 




2.14 


46. 


Third law of thermodynamics iji.e., the concept of absolute zero temperature) 




2.46 


Atomic and Nuclear Structure 






48. 


Historical discovery of particles (e.g., electron, neutron) 




2.12 


49. 


Atomic models and their experimental bases (Thomson, Rutherford, and Bohr) 




2.43 


52. 


deBrogiie's hypothesis 


2.46 


2.31 


53. 


Heisenberg uncertainty principle 




2.30 


54. 


Schrodinger's wave equation 


2.14 


1.78 


63. 


Nuclear forces and binding energy 




2.19 


64. 


Mass/energy transformation 




2.20 


65. 


Types of radioactive decay (e.g., alpha, beta, gamma emission) 




2.46 


66. 


Artificial and natural radioactivity 


2.49 


2.21 


67. 


Half-life of radioactive isotopes 




2.31 


68. 


Nuclear reactions (transmutations, fission, fusion) 




2.30 
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Table 2 (cont) 





TEACHERS 
N = 175 


TEACHER 
EDUCATORS 
N = 81 




Mean 


Mean 


C CHEMICAL PERIODICITY 






71. Tho ddvoiopmtnt of tht poriodic tabio 




2.41 


73. Trends in meltinQ and boiiing tamparatures 




2.29 


D NOMENCLATURE 






82. Nomenciatura of the dassas or organic compounds (a.g., aidehydes, ketones) 


2.49 


2.49 


E. THE MOLE. CHEMICAL BONDING. AND MOLECULAR GEOMETRY 






QR ["ivforid orbitalft 


2.46 


2.46 


09 Rasonanca and dalocaiizatton 


2.27 


2.43 


The Kinetic Thaorv and States of Matter 






101. Maxwell-6lot2mann velocity distributions 


2.00 


2.01 


109 Diffusion of oasas 




2.47 


105. Real wrtus ideaJ gases 




2.46 


1 10. Ra). among phases of matter, forces k>atwaen particles and particle energy 




2.33 


111. Characteristica of crystals 


2.22 


1.94 


Chemical Reactions 






116. Spontaneity in chemical reactions (e.g., entropy, Gibbs-Helmhoitz equation) 




2.48 


117. Collision theory and reaction rates 




2.29 


120. Rata expressions and orders of reactions 


2.48 


2.25 


121. Reaction mechanisms 


2.40 


2.03 


124. Properties and production of ammonia (e.g., the Haber equilibrium) 


2.11 


1.71 


127. Metallurgical properties of the transition metals 


1.97 


1.63 


128. Redox properties of the halogens and the halide ions 


2.28 


2.14 


129. Faraday's laws of electrolysis 


2.27 


2.33 


Solutions and Solubtiitv 






131. Types of solutions (e.g., soiid-sotid, solid-liquid, liquid-gas) 




2.48 


135. Solubility product (K ,^ 




2.48 


144. Production, properties, and use of the common acids (e.g., sulfuric) 


2.29 


2.26 
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Table 2 (cont) 





T'HACHERS 
N = 175 


TEACHER 
EDUCATORS 
N = 81 




Mean 


Mean 


F BIOCHEMISTRY 






I'V^ lUlnnnmim unci nol\/fnAr^ 


2.37 




151. Bloiogicaiiy important compounds (6.Q., sugar, carbohydrates, proteins) 


2.49 




152. Biologically important chemical processes (e.g., bioluminescence) 


2.28 


2.32 


153. Structure and replication of nucleic acids 


2.04 


2.19 


154. Energy storage and release in biological systems 


2.09 


2.09 


G SCIENCE. TECHNOLOGY. AND SOCIETY 






160. Risk mgmt Issues associated witb energy production, transmission, and use 




2.28 


161. Risk mgmt issues assoc. with production/storage/use/disposal of products 




2.45 


IfiP WiAfit#^ mftnflaAmAnt iftfiuAS Mnd recvdino 




2.46 


163. Management of resources (e.g., soil, water, meuis, and fossil fuels) 




2.46 


164. Use of 8clenc# and technology to predict and jDrepare for natural disasters 


2.31 


1.77 


166. Technology transfer (e.g., spin-offs from space technology,) 


2.41 


1.89 


167. issues assoc. witb use of chem. in agriculture/food preparation /preservation 




2.41 


168. SoctaJ, political, and economic issues arising from science and technology 




2.31 


H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES 






171. Recognition of and compensation for complex factors associated with societal and 
schooUalated issues that may affect the teachina of the Dhvsical sciences 




2.43 


Curriculum: Groan izatlon and Materials 






177. Scope and sequence of topics in the physical sciences curricula for all students 
and justification for the scope and sequence 




2.49 


178. Lesson plans in the physical sciences curricula for all students, justification tor the 
plans 




2.30 


180. Selection/use of mass media (e.g., film) appropriate for topics in the physical 
sciences 




2.21 



Percents . The percent of responses for each of the five categories associated with the 
level of understanding rating scale was computed for the aggregate of the chemistry survey 
respondents. This analysis provides some overall guidance with respect to the level of cognitive 
complexity that should be represented on the Subject Assessment in Chemistry. The percents 
are displayed in Appendix G. Inspection of these percent distributions indicates that for 88 
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knowledge statements the two highest percentages were between levels 2 {comprehension) and 3 
{application /utilization); and for 86 knowledge statements the two highest percentages were 
between levels 3 and 4 {analysis). 

Results of Data Analyses: Subgroups of Respondents 

Mean importance , A significant contribution towards the accumulation of evidence in 
support of the job-relevance of the Subject Assessment in Chemistry is the verification of the 
importance of the knowledge statements by a wide range of chemistry education professionals. 
Therefore, mean importance ratings for each knowledge statement were computed for the 
following subgroups of respondents: (1) geographic region (Northeast, n=70; Central, n = 94; 
Southern, n = 76; Far West, n=87); (2) sex (female, n = 105; male, n=222); and (3) teaching 
experience^ (< 5 years, n=33; > 5 years, n = 141). The means are presented in Appendix H. 
An analysis of importance ratings by geographic region Is consistent with recent legal emphasis 
on addressing regional job variability when conducting job analysis for content domain 
specification purposes (Kuehn et al., 1990). The four geographic regions included for analysis 
are consistent with the categorization established by the National Association of State Directors 
of Teacher Education and Certification (NASDTEC). Sex was included because it represents a 
protected "class" under Title VII of the Civil Rights ACT of 1964. (Race/ethnicity was not 
included in the subgroup analyses because of the insufficient number of minority respondents, 
i.e., < 30.) The dichotomous breakdown of teaching experience at the five-year point was 
chosen so that the judgments of less experienced teachers will be represented and so that the 
judgments of more experienced teachers will be represented. 

The results of the subgroup analysis indicated that five additional knowledge statements 
(i.e., beyond the 60 statements previously identified by the mean analysis conducted on the 
teachers and teacher educators) were judged to be below the 2.50 cutpoint. The five statements 
are presented in Table 3. Three knowledge statements were rated below the cutpoint only by 
teachers with five or less years of teaching experience; and two knowledge statements were rated 
below the cutpoint only by respondents from the Central region of the country. 

Correlations of the profiles of mean importance rating s. Correlation coefficients were 
computed for the profiles of mean importance ratings for the same subgroups used in the mean 
analysis. The coefficients are presented in Table 4. All the values exceeded .90. This indicates 
that there is a very high level of agreement within the subgroups of respondents in terms of the 
relative importance of the knowledge statements. 



^Teaching experience includes only those respondents who had identified themselves as regular teachers or permanent substitutes. 
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Table 3 

Knowledge Statejients Rated Below 230 by Geographic Region, Sex, and Teaching Experience 





GEOGRAPHIC REGION 


SEX 


TEACHING 
EXPERIENCE 




- NE 


C 


S 


FW 


F 


M 


s5 


>5 




N=70 


N = 94 


N = 76 


N = 87 


N=:105 


N = 222 


N = 33 


N=141 


B. BASIC TOPICS IN PHYSICAL 
SCIENCE 


















51 Planck's hypothesis 




2.33 














58 Spectroscopy 




2.48 














E. THE MOLE, CHEMICAL BONDING, 
AND MOLECULAR GEOMETRY 


















96 Simple structures of isomers 














2.42 




139 Colligative properties of solutions 














2.45 




F. BIOCHEMISTRY 


















149 Organic functional groups and 
their reactions 














2.45 





Table 4 

Correlations of the Profiles of Mean Importance Ratings by Geograpliic Region, Sex, and Teaching 
Experience 



GEOGRAPHIC REGION 

1. Northeast 

2. Central 

3. Southern 

4. Far West 



.97 



.97 
.98 



.97 
.97 
.97 



SEX 

1. Female 

2. Male 



.95 



TEACHING EXPERIENCE (years) 

1. s 5 

2. > 5 



.94 
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Mean Ratings of Content Coverage 



The survey participants were asked to rate, using a 5-point scale, how well the knowledge 
statements within a major content area covered the important aspects of that major content 
area. Responses to this provide an indication of the adequacy (comprehensiveness) of the 
domain of knowledge. The scale values ranged from a low of 1 (very poorly) to a high of 5 
(very well); the midpoint of the scale was value 3 (adequately). The means of these ratings for 
teachers and teacher educators are presented in Table 5. For the teachers, all the means were 
close to or exceeded 4.00 (well covered). For the teacher educators, only two content areas, 
Nomenclature and Biochemistry, were judged to.be a half unit or more below a mean value of 
4.00 (both were judged to be more than adequately well covered). These results indicate that 
the content areas were judged, by both respondent groups, to be well covered. 

Table 5 

Mean Ratings of Content Coverage 



Means 



Major Content Areas 


Teachers 


Teacher 
Educators 


Scientific Methodology/Techniques/History 


4.16 


3.88 


Basic Topics in Physical Science 


4.28 


3,99 


Chemical Periodicity 


4.32 


4.05 


Nomenclature 


3.83 


3.50 


The Mole, Chemical Bonding, and Molecular Geometry 


4.38 


4.14 


Biochemistry 


3.82 


3.47 


Science, Technology, and Society 


4.16 


3.65 


Pedagogy Specific to the Physical Sciences 


4.18 


3.86 



Mean Percentage Weights for Test Content Emphasis 

The survey participants were asked to indicate the weight that each of the major content 
areas should receive on the Subject Assessment in Chemistry. This information may be used by 
the Advisory /Test Development Committee to assist in its decision about how much emphasis 
the content areas should receive on the test specifications. To obtain the weights, the 
participants were asked to distribute a total of 100 points across the major areas. The mean 
values were then converted into percentages. The mean percentage weights for teachers and 
teacher educators are presented in Table 6. For both groups, The Mole, Chemical Bonding, and 
Molecular Geometry and Basic Topics in Physical Science received the most emphasis; 
Biochemistry; Science, Technology, and Society; and Pedagogy Specific to the Physical Sciences, 
were among the least emphasized content areas. 
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Table 6 

Mean Percentage Weights 

Means 



Major Content Areas 


Teachers 


Educators 


Scientific Methodology/Techniques/History 


11.75 


10.94 


Basic Topics in Physical Science 


18.25 


20.21 


Chemical Periodicity 


' 14.08 


13.49 


Nomenclature 


11.08 


8.83 


The Mole, Chemical Bonding, and Molecular Geometry 


22.03 


23.05 


Biochemistry 


5.81 


8.15 


Science, Technology, and Society 


8.72 


7.31 


Pedagogy Specific to the Physical Sciences 


8.32 


8.21 



Summary and Conclusion 

A job analysis was conducted to define a knowledge domain important for newly licensed 
(certified) chemistry teachers to perform their jobs in a competent manner. The results of the 
job analysis will be used to develop test specifications for the Praxis II Subject Assessment in 
Chemistry. 

An initial draft domain of important knowledge statements was constructed by ETS Test 
Development staff with expertise in chemistry and ETS Research staff with expertise in job 
analysis. This draft domain was reviewed by an External Review Panel of subject-matter experts 
and then revised accordingly. The revised draft was then reviewed, modified, and approved by 
an external Advisory/Test Development Committee. The revised knowledge domain was then 
subjected to verification/refutation through the use of a national survey of chemistry teachers, 
teacher educators, and state administrators. The survey participants were asked to rate specific 
knowledge statements in terms of importance for and level of understanding needed by newly 
licensed (certified) chemistry teachers. A mean importance cutpoint of 2.50 (midpoint between 
moderately important and important) was established to designate knowledge statements as 
eligible (> 2.50) or ineligible (< 2.50) for inclusion in the development of test specifications. 

The results of the mean analysis conducted by teachers and teacher educators indicated 
60 knowledge statements were rated less than 2.50 (see Table 2). This represents 33% of the 
content domain. Five additional knowledge statements were rated below 2.50 by two of the 
subgroups (geographic region and teaching experience) of respondents (see Table 3). In total, 
65 of the 181 statements (36%) did not meet the 2.50 criterion for inclusion. Still, however, 
64% of the domain (116 statements) is eligible for inclusion in the development of test 
specifications. 
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The computation of correlation coefficients to assess agreement in terms of perceived 
relative importance of the knowledge statements indicated a very high level of agreement. The 
coefficient for the comparison between teachers and teacher educators was .92; the coefficients 
for the subgroup comparisons all exceeded .90. 

The 116 knowledge statements that were veriTied to be important by the surveyed 
teachers, teacher educators, and the subgroups should be used as the foundation for the 
development of test specifications. Test specifications that are linked to the results of a job 
analysis provide support for the content validity of the derived assessment measures and may be 
considered as part of an initial step in ensuring the fairness (to subgroups of chemistry teacher 
candidates) of the derived assessment measures. It is reasonable to assume that, due to testing 
and psychometric constraints (e.g., time limits, ability to measure reliably some content), not all 
of the verified content may be included on the assessment measures. One source of information 
that may be used to guide the Advisory /Test Development Committee in its decision of what 
verified content to include on the assessment measures is the mean importance rating. 
Although a rank ordering of the content by mean importance rating is not implied, it is^ 
recommended that initial consideration be given to content that is well above the cutpoint and 
represents the appropriate breadth of content coverage. 

The results of the analysis of the levd of understanding rating scale indicated that 49% 
of the knowledge statements should be measured between the levels of comprehension and 
application I utilization', and an additional 48% should be measured between the levels of 
application I utilization and analysis. 

Evidence was also provided in this study of judged importance of the eight major content 
areas and the comprehensiveness of the knowledge domain. These two pieces of information 
have implications for the adequacy of the chemistry knowledge domain. If the domain was 
adequately defined then each major content area should have been judged to be important and 
well covered. The resuhs support the adequacy of the defined knowledge domain. With respect 
to importance (see Table 1), both teachers and teacher educators judged the same four content 
areas to be important and one or the other group judged the remaining content areas to be 
moderately important or important. With respect to content coverage (see Table 5), the 
teachers judged six content areas to be well covered and two to be between adequately covered 
and well covered. The teacher educators judged two content areas to be well covered and six to 
be between adequately covered and well covered. 

Study 2: Physics 

Survey Respondents 

Response rat e. Of the 800 total surveys that were mailed, six were returned due to an 
invalid mailing address. Thus, 794 surveys were actually administered. Of these 794, 330 were 
returned. This represents an overall response rate of 42% (330/794). 
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Demographic characteristics . Seventy percent of the respondents were between the ages 
of 35 years and 54 years. Eighty-one percent were males and 18% were females. The majority 
of respondents (91%) were White. Most (67%) had 11 or more years of teaching experience in 
physics. Sixty percent identified themselves as either regular teachers (not substitutes) or 
permanent substitutes; 30% identified themselves as college faculty; none of the respondents 
identified themselves as a state administrator. Twenty-four percent of the respondents were 
from the Northeast region of the country; 29% were from the Central region; 25% were from 
the Southern region; and 22% were from the Far West region. A complete breakdown of the 
demographic characteristics of the respondents is provided in Appendix E. 

Results of Data Analyses: Teachers and Teacher Educators 

Mean importance . The mean importance rating for each of the 184 knowledge 
statements is provided in Appendix F. The means are presented for (1) teachers (regular and 
permanent substitutes, n = 191) and (2) teacher educators (n=95). Because none of the 
respondents identified himself/herself as a state administrator, this demographic group was not 
included in the analysis. Inspection of these distributions of mean ratings indicated that 
teachers rated 44% of the knowledge statements (n = 81) 3.00 (important) or higher; teacher 
educators rated 33% of the knowledge statements (n = 60) 3.00 or higher. A comparison of the 
means across the two groups indicated that teachers rated 147 knowledge statements (80%) 
higher than did teacher educators. 

The overall mean importance ratings for the eight major content areas were also 
computed for teachers and teacher educators. The means are presented in Table 7. Five 
content areas. Scientific Methodology/Techniques/History; Basic Topics in Physical Science; 
Mechanics; Electricity and Magnetism; and Waves, were judged to be important (scale value of 
3.00) by both groups of respondents. The teacher educators also judged Modern Physics to be 
important. The other three content areas. Modem Physics; Science Technology, and Society, 
and Pedagogy Speciflc to the Physical Sciences, were judged to be within a half unit of a mean 
value of 3.00. 

As previously discussed, knowledge statements that receive a mean importance rating of 
less than 2.50 (midpoint between moderately important and important) may not be considered 
for inclusion in the development of test specifications, unless a compelling written rationale is 
provided by the Advisory /Test Development Committee for their reinstatement. Those 
knowledge statements rated less than 2.50 by the teachers and/or teacher educators are 
presented in Table 8. Of the 184 individual knowledge statements, 56 (30%) were rated below 
2.50; and of these 56 statements, almost half (43%) were rated below 2.50 only by the teacher 
educators. 
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Table 7 

Overall Mean Importance Ratings for Each of the Eight Msgor Knowledge Areas by Teachers and Teacher 
Educators 



Means 



Major Content Areas 


Teachers 


Teacher 
. Educators 


Scientific Methodology/Techniques/History 


3.16 


3.10 


Basic Topics in Physical Science 


3.15 


3.07 


Mechanics 


3.69 * 


3.70 


Electricity and Magnetism 


3.25 


3.40 


Waves 


3.39 


3.24 


Modern Physics 


2.80 


3.05 


Science, Technology, and Society 


2.77 


2.51 


Pedagogy Specific to the Physical Sciences 


2.90 


2.76 



Table 8 

Knowledge Statements Rated Below 2S0 by Teachers and/or Teacher Educators 





TEACHERS 
N =: 191 


TEACHER 
EDUCATORS 
N = 95 




Mean 


Mean 


A. SCIENTIFIC METHODOLOGY/TECHNIQUES/HISTORY 






Historv and Philosoohv of Science 






5. HistoricaJ roots of science 


2.32 


2.45 


6. Contributions of individuals 


2.27 


2.18 


7. Contributions of ethnic groups and cultures 


1.72 


1,63 


Mathematics. Measurement, and Date Manioulation 






15. Statistics of distributions 


2.12 


2.06 


16. Simple digital (binary) logic 


1,73 


1.58 


18. Differentiation and simple integration 


2.13 




B. BASIC TOPICS IN PHYSICAL SCIENCE 






Heat and Thermodynamics 






34. Historical development of heat and energy 


2.14 


1.93 


36. Equipartition of energy 


2.32 


2,06 



liducational Testing Service, EI"S and the ETS logo arc registered trademarks of [Uucational Testing Service, 'llic Praxis Scries: 
Professional Assessments for Beginning Teachers and its design logo arc trademarks of Educational Testing Service. 

20 

35 

BEST COPY AVAILABLE 



Table 8 (cont) 









TEACHER 






i uMoncnQ 


cuuoA i \Jno 






N = 191 


N = 95 






Mean 


Mean 


B. 


BASIC TOPICS IN PHYSICAL SCIENCE (cont) 








37. Brownian motion 


2.24 


1.99 




47. Third law of thermodynamics (i.e.. the concept of absolute zero temperature) 




2.47 




46. Reversibility and irreversibility 


2.47 


2.36 




Atomic and Nuclear Structure 








49. Historical discovery of particles (e.g., electron, neutron) 


2.33 


2.19 


C. 


MECHANICS 








80. Orbital motion (e.g., Copernicus, Galileo, Kepler) 




2.42 




82. Ruid mechanics (e.g., Archimedes* principle, Bernoulli's principle) 


2.48 






83. F^lativistic effects on length, mass, and time 


2.35 


2.16 


D. 


ELECTRICITY AND MAGNETISM 








88. Gauss's law 




2.32 




94. Interna] resistance of batteries 




2.28 




98. Alternating current circuits (e.g., average power, peak, effective current) 




2.36 




101. Transformers 




2.36 




103. Motors 




2.29 




104. Large scale generation and transmission of energy and power 


2.34 


2.05 




105. n- and p-type semiconductors 


2.22 


1.97 




106. Semiconductor devices (e.g., diodes, transistors) 


2.35 


2.03 




107. integrated circuits 


2.16 


1.82 




108. Superconductivity 


2.49 


1.98 




111. Gauss's law of magnetism (nonexistence of monopoles) 


2.40 


2.05 




113. Principle and calibration of electrical meters (e.g., galvanometers) 


2.52 


2.17 




1 14. Types of magnetism (e.g., diamagnetism) 


2.13 


1.82 




115. Biot-Savart law and Ampere's law (relating current to magnetic field) 


2.49 






116. Maxwell's equations 


2.13 


2.20 




1 1 7. Lorentz force taw and applications 


2.33 
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Table 8 (cont) 









TEACHER 






TEACHERS 


EDUCATORS 






N = 191 


N = 95 






Mean 


Mean 




WAVES 








123. Absorption and transmission 




2.47 




125. Scattering 




2.32 




130. Dispersion 




2.39 




134. Sound: air columns and strings (e.g.. timbre, beats, harmonics) 




2.41 




136. Color (addition and subtraction; relationship to frequency) 




2.21 




137. Coherent radiation (sources and special properties) 


2.41 


2.25 




140. Thin films 


2.41 


2.01 


F. 


MODERN PHYSICS 








143. Blackbody radiation 


2.36 






150. Schrddinger's wave equation 


2.02 


2.06 




151. Orbital theory <- quantum numbers 




2.46 




152. Paull exclusion principle 


2.36 






155. t^rentz transformations and inertial reference frames 


2.14 


2.12 




157. Bementaiy particles (e.g., hadrons, teptons) 


2.08 


2.17 




158. Strong and weak forces 


2.31 


2.09 




SCIENCE, TECHNOLOGY, AND SOCIETY 








164. Risk mgmt issues associated with energy production/transmission/use 




2.29 




165. Risk mgmt associated with production/storage/use/dlsposal of products 




2.16 




166. Waste management issues and recycling 




2.32 




167. Management of resources (e.g., soil, water, metals, and fossil fuels) 




2.28 




168. Use of science and technology to predict/prepare for natural disasters 


2.36 


1.89 




170. Technology transfer (e.g.. spin-offs from space technology) 




1.98 




171. Social/political/economic issues arising from science and technology 




2.34 



Educational Testing Service. ETS and the HTS logo arc registered trademarks of Educational Testing Service. ITie Praxis Scries: 
Professional Assessments for Beginning Teachers and its design logo are trademarks of Educational Testing Scrvrice. 



22 

37 



Table 8 (coot) 



TEACHERS 
N = 191 



TEACHER 
EDUCATORS 
N = 95 



Mean 



Mean 



H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES 



174. Recognition of and compensation for complex factors associated with societal 
and echool-f elated Issues that may affect the teaching of the physical 
sciences 



2.37 



Curriculum: OrQaniiation and Materials 



180. 



Scope and sequence of topics in the physical sciences curricula for all 
students and justification for the scope and sequence 



2.37 



181 



Lesson plans in the physical sciences curricula for ail students, justification for 
the plans 



2.07 



183. 



Selection/use of mass media (e.g., film) appropriate for topics in the physical 
sciences 



2.49 



Correlation of the profiles of mean importance ratings . The profiles of mean 
importance ratings for the teachers and teacher educators were correlated. The value of the 
correlation coefficient was .91. This indicates that there is a very high level of agreement 
between the two respondent groups in terms of the relative importance of the knowledge 
statements. 

Percents . The percent of responses for each of the five categories associated with the 
level of understanding rating scale was computed for the aggregate of the physics survey 
respondents. This analysis provides some overall guidance with respect to the level of cognitive 
complexity that should be represented on the Subject Assessment in Physics. The percents are 
displayed in Appendix G. Inspection of these percent distributions indicates that for 107 
knowledge statements the two highest percentages were between levels 2 (comprehension) and 3 
(application/utilization); and for 75 knowledge statements the two highest percentages were 
between levels 3 and 4 (analysis). 

Results of Data Analyses: Subgroups of Respondents 

Mean importance . A significant contribution towards the accumulation of evidence in 
support of the job-relevance of the Subject Assessment in Physics is the verification of the 
importance of the knowledge statements by a wide range of physics education professionals. 
Therefore, mean importance ratings for each knowledge statement were computed for the 
following subgroups of respondents: (1) geographic region (Northeast, n = 78; Central, n = 96; 
Southern, n = 80; Far West, n = 72); (2) sex (female, n = 60; male, n = 266); and (3) teaching 
experience^ (< 5 years, n=37; > 5 years, n= 153). The means are presented in Appendix H. 
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An analysis of importance ratings by geographic region is consistent with recent legal emphasis 
on addressing regional job variability when conducting job analysis for content domain 
specification purposes (Kuehn et al., 1990). The four geographic regions included for analysis 
are consistent with the categorization established by the National Association of State Directors 
of Teacher Education and Certification (NASDTEC). Sex was included because it represents a 
protected ^'class" under Title VII of the CivQ Rights ACT of 1964. (Race/ethnicity was not 
included in the subgroup analyses because of the insufficient number of minority respondents, 
i.e., < 30.) The dichotomous breakdown of teaching experience at the five-year point was 
chosen so that the judgments of less experienced teachers will be represented and so that the 
judgments of more experienced teachers will be represented. 

The results of the subgroup analysis indicated that four additional knowledge statements 
(i.e., beyond the 56 statements previously identified by the mean analysis conducted on the 
teachers and teacher educators) were judged to be below the 2.50 cutpoint. The four statements 
are presented in Table 9. Three knowledge statements were "flagged" by the teaching 
experience subgroup; and one was flagged by the sex subgroup. 



Table 9 

Knowledge Statements Rated Below 2S0 by Geographic Region, Sex, and Teaching Experience 



GEOGRAPHIC REGION 


SEX 


TEACHING 
EXPERIENCE 


NE 


C 


S 


f=W 


F 


M 


<5 


>5 


N = 78 


N = 96 


N = 80 


N = 72 


N:=60 


N = 266 


N = 37 


N«153 


B. BASIC TOPICS IN PHYSICAL SCIENCE 
















56 Artificial and natural radioactivity 












2.41 




F. MODERN PHYSICS 
















147 deBfoglie'3 hypothesis 














2.48 


154 Special relativity 












2.45 




H. PEDAGOGY SPECIFIC TO THE PHYSICAL 
SCIENCES 
















197 Resources available in the 
community 










2.47 







'Teaching experience includes only those res|«ndents who had identined themselves as regular teachers or permanent substitutes. 
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Correlations of the profiles of mean importance ratings . Correlation coefficients were 
computed for the profiles of mean importance ratings for the same subgroups used in the mean 
analysis. The coefficients are presented in Table 10. ' All the values exceeded .90. This indicates 
that there is a very high level of agreement within the subgroups of respondents in terms of the 
relative importance of the knowledge statements. 



Table 10 

Correlations of the Profiles of Mean Importance Ratings by Geographic Region, Sex, and Teaching 
Experience " 

1 2 3 4_ 

GEOGRAPHIC REGION 

1. Northeast .97 .96 .97 

2. Central .97 .97 

3. Southern .96 

4. Far West 



SEX 

1. Female .94 

2. Male 



TEACHING EXPERIENCE (years) 

1. <5 .91 

2. > 5 



Mean Ratings of Content Coverage 

The survey participants were asked to rate, using a 5-point scale, how well the knowledge 
statements within a major content area covered the important aspects of that major content 
area. Responses to this provide an indication of the adequacy (comprehensiveness) of the 
domain of knowledge. TTie scale values ranged from a low of 1 (very poorly) to a high of 5 
(very well); the midpoint of the scale was value 3 (adequately). The means of these ratings for 
teachers and teacher educators are presented in Table 11. AH the means were close to or 
exceeded 4.00. This indicates that both groups of respondents judged the major content areas to 
be well covered. 



Mean Percentage Weights for Test Content Emphasis 

The survey participants were asked to indicate the weight that each of the major content 
areas should receive on the Subject Assessment in Physics. This information may be used by the 
Advisory/Test Development Committee to assist in its decision about how much emphasis the 
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content areas should receive on the test specifications. To obtain the weights, the participants 
were asked to distribute a total of 100 points across the major areas. The mean values were 
then converted into percentages. The mean percentage weights for teachers and teacher 
educators are presented in Table 12, For both groups, Mechanics; Electricity and Magnetism; 
Basic Topics in Physical Science; and Waves received the most emphasis; Science, Technology, 
and Society and Pedagogy Specific to the Physical Sciences received the least emphasis. 

Table 11 

Mean Ratings of Content Coverage 



Means 



Mainr Content Arpa^ 


Teachers 


Teacher 
Educators 


Scientific Methodology /Techniques/History 


4.04 


3.89 


Basic Topics in Physical Science 


4,11 


3.82 


Mechanics 


4.40 


4.07 


ciecinciiy ana iviagneiisui 


4 97 




Waves 




4 


Modern Physics 




j.y / 


oCience, i ecnnoiogy, ano oucieiy 


4 07 


70 


Pedagogy Specific to the Physical Sciences 


A (\Q 

4.uy 


0,01 


T»hlp 12 

Mean Percentage Weights 










Means 


Major Content Areas 


Teachers 


Teacher 
Educators 


Scientific Methodology /Techniques/History 


9.43 


8.78 


Basic Topics in Physical Science 


14.29 


14.11 


Mechanics 


20.95 


19.77 


Electricity and Magnetism 


15.93 


17.05 


Waves 


13.90 


13.11 


Modern Physics 


9.91 


13.00 


Science, Technology, and Society 


7.66 


7.22 


Pedagogy Specific to the Physical Sciences 


7.52 


6.99 
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Summary and Conclusion 



A job analysis was conducted to define a knowledge domain important for newly licensed 
(certified) physics teachers to perform their jobs in a competent manner. The results of the job 
analysis wiU be used to develop test specifications for the Praxis 11 Subject Assessment in 
Physics. 

An initial draft domain of important knowledge statements was constructed by ETS Test 
Development staff with expertise in physics and ETS Research staff with expertise in job 
hiialysis. This draft domain was reviewed by an External Review Panel of subject-matter experts 
and then revised accordingly. The revised draft was then reviewed, modified, and approved by 
an external Advisory/Test Development Committee. The revised knowledge domain was then 
subjected to verification/refutation through the use of a national survey of physics teachers, 
teacher educators, and state administrators. The survey participants were asked to rate specific 
knowledge statements in terms of importance for and level of understanding needed by newly 
licensed (certified) physics teachers. A mean importance cutpoint of 2.50 (midpoint between 
moderately important and important) was established to designate knowledge statements as 
eligible (> 2.50) or ineligible (< 2.50) for inclusion in the development of test specifications. 

The results of the mean analysis conducted by teachers and teacher educators indicated 
56 knowledge statements were rated less than 2.50 (see Table 8). This represents 30% of the 
knowledge domain. Four additional knowledge statements were rated below 2.50 by two of the 
subgroups (sex and teaching experience) of respondents (see Table 9). In total, 60 of the 184 
statements (33%) did not meet the 2^0 criterion for inclusion. Still, however, 67% of the 
domain (124 statements) is eligible for inclusion in the development of test specifications. 

The computation of correlation coefficients to assess agreement in terms of perceived 
relative importance of the knowledge statements indicated a very high level of agreement. The 
coefficient for the comparison between teachers and teacher educators was .91; the coefficients 
for the subgroup comparisons all exceeded .90: 

The 124 knowledge statements that were verified to be important by the surveyed 
teachers, teacher educators, and the subgroups should be used as the foundation for the 
development of test specifications. Test specifications that are linked to the results of a job 
analysis provide support for the content validity of the derived assessment measures and may be 
considered as part of an initial step in ensuring the fairness (to subgroups of physics teacher 
candidates) of the derived assessment measures. It is reasonable to assume that, due to testing 
and psychometric constraints (e.g., time limits, ability to measure reliably some content), not all 
of the verified content may be included on the assessment measures. One source of information 
that may be used to guide the Advisory /Test Development Committee in its decision of what 
verified content to include on the assessment measures is the mean importance rating. 
Although a rank ordering of the content by mean importance rating is not implied, it is 
recommended that initial consideration be given to content that is well above the cutpoint and 
represents the appropriate breadth of content coverage. 
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The results of the analysis of the level of understanding rating scale indicated that 58% 
of the knowledge statements should be measured between the levels of comprehension and 
application /utilization; and an additional 41% should be measured between the levels of 
application /utilization and analysis. 

Evidence was also provided in this study of the judged importance of the eight major 
content areas and the comprehensiveness of the knowledge domain. These two pieces of 
information have implications for the adequacy of the physics knowledge domain. If the domain 
was adequately defined then each major content area should have been judged to be important 
and well covered. The results support the adequacy of the defined content domain. With 
respect to importance (see Table 7), both teachers and teacher educators judged the same five 
content areas to be important. Of the remaining three content areas, one was judged to be 
important by the teacher educators and moderately important by the teachers; and two were 
judged to be moderately important by both teachers and teacher educators. With respect to 
content coverage (see Table 11), both teachers and teacher educators judged all eight content 
areas to be well covered. 
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INTRODUCTION 



Educational Testing Service (ETS) is developing a new generation of assessments for the 
purpose of licensing (certifying) teachers. The inventory that follows is part of our 
development effort and is designed to gather information concerning the job of a newly 
licensed chemistry teacher. It was developed by high school teachers, college faculty, 
and state department of education officials, along with ETS staff. 

Those who constructed this inventory recognize that chemistry teachers are required to 
teach students with varying backgrounds and levels of ability. For this reason, the 
collaborators believe that teachers should have a broad and deep understanding of 
chemistry in order to teach it. The inventory asks you to respond to a list of statements 
and to judge (a) the importance of the knowledge statements for newly licensed 
(certified) chemistry teachers and (b) the level of understanding needed by newly 
licensed (certified) chemistry teachers. Please do not relate each statement to your own 
job but rather to what you believe newly licensed chemistry teachers should know. 

The information you provide will guide the development of the NTE Chemistry 
examination. It is expected that the new examination will differ from the current 
examination in both content and design. In addition to the development of a new 
examination, this study will contribute to our understanding of chemistry teaching as a 
profession. We expect the results of the study to be widely disseminated and to be very 
useful to the profession. 

The inventory has been mailed to a group of approximately 800 professionals. Its value 
is directly related to the number of individuals who return their inventories. Because 
you represent a large number of professionals, your responses are extremely important. 
The inventory requires approximately 60 minutes to complete. Please return your 
completed inventory within 10 days. 
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PART I - KNOWLEDGE AREAS FOR CHEMISTRY TEACHERS 



The purpose of this inventory is to determine what you believe newlv licensed (certified^ chemistry teachers 
should know in order to perform their job in a competent manner. On the following pages you will find 
eight major content areas and, beneath each, a list of knowledge and ability statements that define the 
particular content area. The order of presentation of the eight content areas in the inventory is not 
meaningful. 

The eight content areas are: 

A. SCIENTIFIC METHODOLOGY/TECHNIQUES/HISTORY 

B. BASIC TOPICS IN PHYSICAL SCIENCE 

C. CHEMICAL PERIODICITY 

D. NOMENCLATURE 

E. THE MOLE, CHEMICAL BONDING AND MOLECULAR GEOMETRY 

F. BIOCHEMLSTRY 

G. SCIENCE, TECHNOLOGY, AND SOCIETY 

H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES 

For each statement within each of these content areas, you will be asked to make the following judgments: 



How important is an understanding of this knowledge area for newly licensed (certified) chemistry 
teachers if they are to perform their jobs in a competent manner? 



What level of understanding is typically needed by newly licensed (certified) chemistry teachers in 
each knowledge area? 

(Note: These kveU art hMrarcbically arraiiftcd: level #2 subsumes level #1; level #3 subsumes levels #2 and #1; level #4 
subsumes levels #3, #2, and #1. Tht zero (0) point is not subsumed by any other scale point.) 

(0) An understanding of the knowledge area is not needed 

(1) Requires the ability to define the terms used in the knowledge area. 

(2) Requires the ability to comprehend the essential properties of the knowledge area. 

(3) Requires the ability to a pplv/utili/c the knowledge area to address problems or questions. 

(4) Requires the ability to analv/c the knowledge area into component parts and explain 
the interrelationships among the parts. 



Circle your responses using the scales adjacent to each statement. To familiari/.c yourself with the content 
areas and statements, you may wish to glance through Part I before making your judgments. 



(0) 
(1) 
(2) 
(3) 
(4) 



Of no importance 
Of little importance 
Moderately important 
Important 
Very important 
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Evaluate —ch knowMga araa in tarmt of IMPORTANCE for and LEVEL OF UNDERSTANDING n««d«d 
by nawfy ilc«nt«d (c#rtifM) chemistry teaclmt If th«y ar« to perform th#lr |ob In a competent manner. 



IMPORTANCE 



LEVEL OF UNDERSTANDING 



(0) Of no Importance (0) 

(1) Of imie importance (1) 

(2) Moderately imporUnt (2) 

(3) Important (3) 

(4) Very important (4) 



An understanding of the knowledge area it not needed 
DEFINE the terms used In the knowledge area 
COMPREHEND the essential properties of the knowledge area 
APPLY/UTILgE the kno¥viedge area to address problems or questions 
ANALYZE the knowledge area into component parts and explain the 
Interrelationships among the parts 



A. SCIENTIFIC LEVEL OF 

METHODOLOGY/TECHNIOUES/HISTORY IMPORTANCE UNDERSTANDING 

Methodoloyv 



1. Scientific methods (e.g., formulation of problem, 
hypotheses, experiments, interpretations. 





predictions, conclusions) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


2. 


Science process skills (e.g., qualitative and 
quantitative observations, interpretations, 
communication, inferences, applications) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


3. 


Assumptions, models, laws, and theories 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


4, 


Design of experiments (e.g,, controls, 
independent and dependent variables) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


listory and Philosophy of Science 






















5. 




0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


6. 




0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


7. 


Contributions of ethnic groups and 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


4atheraatics. Measurement and Data ManiDUlation 






















8. 


The metric and SI systems 


0 


1 


2 


3 


4 


0 


1 




3 


4 


9. 


Scientific notation 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


10. 


Estimation and approximation 


0 


1 


2 


3 


4 


0 


1 


-> 
^ 


3 


4 


11. 


Significant figures in measurement and 
calculations 


0 


1 




3 


4 


0 


1 


2 


3 


4 


12. 


Unit/dimcnsional analysis 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


13. 


Experimental errors (e.g., sources, 
quantifications, precision, accuracy) 


0 


1 


2 


3 


4 


0 


1 


-> 


3 


4 


14. 


Mathematical relationships and patterns in 
numerical data (e.g., direct, exponential) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


15. 


Statistics of distributions 


0 


1 


2 


3 


4 


0 


1 




3 


4 
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Evaluate aach knowfadga araa in tarma of IMPORTANCE for and LEVEL OF UNDERSTANDING naadad 
by nawiy llcanaad <cartiflad) chamiatry taachara if thay ara to parform thair job In a compatant mannar. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no Importanca (0) An undaratanding of tha knowladga araa ia not neadad 

(1) 6f IHtIa Importanca (1) DEOMi tha tarma uaad In tha knowladga araa 

(2) Modarataly ImporUnt (2) COMPREHEND tha aaaantial propartlaa of tha knowladga araa 

(3) Important (3) APPLY/UTIUZE tha knowtadqa araa to addraaa problama or quastiona 

(4) Vary Important (4) ANALYZE tha knowiadga araa Into componant part* and axplain tha 

intarralationahlpa among tha parta 



A. SCIENTIFIC LEVEL OF 

METHODOLQGY/TECHNIOUES/HISTORY (cent.) IMPORTANCE UNDERSTANDING 

16. Simple digital (binary) logic 0 1 2 3 4 0 1 2 3 4 

17. Organization and interpretation of data and 
equations (e.g., tables, graphs, 

spreadsheets) 0 1 2 3 4 0 1 2 3 4 

18. Differentiation and simple integration 01234 01234 

Laboratory and Safety 

19. Use and calibration of laboratory equipment 
(e.g., balances, laboratory burners, glassware, 
thermometers, barometers, pH meters, 

spectroscopes) 0 1 2 3 4 0 1 2 3 4 

20. Maintenance of laboratory equipment 

(e.g., balances, laboratory burners, glassware, 
thermometers, barometers, pH meters, 

spectroscopes) 0 1 2 3 4 0 1 2 3 4 

21. Preparation and set-up of reagents, materials, 

and apparatus 0 1 2 3 4 0 1 2 3 4 

22. Laboratory safety (e.g., laboratory hazards, 

storage and disposal of materials) 01234 01234 

23. Emergency procedures for laboratory 

accidents 0 1 2 3 4 0 1 2 3 4 

24. Overall evaluation of the importance of 

Scientiflc Methodology/Techniques/History ... 01234 
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Evaluatt MCh knomiii^ arM In tarmt off IMPORTANCE ffor and LEVEL OF UNDERSTANDING n#Ml«d 
by tmMy Ucmn—d (oartifM) chemistry tMChars Iff th«y ara to porform th«lr fob In a compliant mannar. 



IMPORTANCE 

(0) Of no Importanca 

(1) Of Itttia importanca 

(2) Modarataly Important 

(3) Important 

(4) Vary Important 



LEVEL OF UNDERSTANDING 

(0) An undaratandlng off tha knowladga araa It not naadad 

(1) DEFINE tha larmt uaad in tha knowladga araa 

(2) COMPREHEND tha ataantial propartiaa of tha knowladga araa 

(3) APPLY/UTILIZE tha knowladga araa to addrata problama or quaationa 

(4) ANALYZE tha.tnowiadga araa Into componant parU and axplain tha 
Intarralatlonshlpa among tha parta 



A. SCIENTIFIC. 

METHQDQLQGY/TECHNlQUES/HISTQRY(cont) 

25. How well do the knowledge areas in section A cover the important aspects of Scientific 
Methodology/Techniques/History? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 



LEVEL OF 

B, BASIC TOPICS IN PHYSICAL SCIENCE IMPORTANCE UNDERSTANDING 



Matter and Energ y 
26. Physical and chemical properties (e.g., states of 





matter, homogeneous, heterogeneous) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


27. 


Particulate nature of matter (e.g., atoms, ions, 
molecules) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


28. 




0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


29. 


Physical and chemical changes 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


30. 


Conservation of mass/energy 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


31. 


Forms of energy (e.g., kinetic, potential, 
mechanical, sound, magnetic, cicctricai, light, 
heat, nuclear, chemical) 


0 


I 


2 


3 


4 


0 


1 


2 


3 


4 


32. 


Energy transformations 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


ieat and Thermodynamics 






















33. 


Historical development of heal and energy 
concepts 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


34. 


Kinetic molecular theory 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


35. 




0 


1 


2 


3 


4 


0 


1 


2 


3 


4 
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Evaluate aach knowladga araa in tarmt of IMPORTANCE for and LEVEL OF UNDERSTANDING naadad 
by nawly licansad (cartifiad) chamiatry taaehara If thay ara to parform thair job in a compatant mannar. 



IMPORTANCE 

(0) Of no Importanca 

(1) Of intla Imponanca 

(2) Modarataly Important 

(3) Important 

(4) Verylmponuint 



LEVEL OF UNDERSTANDING 

(0) An undaraunding of tha knowladga araa la not naadad 

(1) DEFINE tha tarma uaad In tha knowladga araa 

(2) COMPREHEND tha aaaantial propartiaa of tha knowladga araa 

(3) APPLY/UTILIZE tha knowladga araa to addraaa problama or quaationa 

(4) ANALYZE tha knowladga araa Into componant parta and axplain tha 
intarralatiofiahipa among tha parta 



BASIC TOPICS IN PHYSICAL SCIENCE (cent,) IMPORTANCE 

36. Heat versus temperature 0 1 2 3 4 

37. Temperature scales and measurement 0 1 2 3 4 

38. Conduction, convection, and radiation 0 1 2 3 4 

39. Heat capacity, thermal exchange, heat of fusion, 

and heat of vaporization 0 1 2 3 4 

40. Concepts of enthalpy and entropy 0 1 2 3 4 

41. Phase changes 0 1 2 3 4 

42. Expansion and contraction 0 1 2 3 4 

43. Zcroth law of thermodynamics (i.e., direction of 

heat now) ' 0 1 2 3 4 

44. First law of thermodynamics (i.e., energy is 

conserved) 0 1 2 3 4 

45. Second law of thermodynamics - entropy 0 12 3 4 

46. Third law of thermodynamics (i.e., the concept 

of absolute zero temperature) 0 1 2 3 4 

47. Reversibility and irreversibility 0 1 2 3 4 

Atomic and Nuclear Structure 

48. Historical discovery of particles (e.g., electron, 

neutron) 0 1 2 3 4 

49. Atomic models and their experimental bases 

(Thomson, Rutherford, and Bohr) 0 1 2 3 4 

50. Structure of the atom 0 1 2 3 4 

r 51. Planck's hypothesis 0 1 2 3 4 

f52. dcBroglic's hypothesis 0 1 2 3 4 

53. Hciscnbcrg uncertainty principle 0 1 2 3 4 

54. Schrodiiigcr's wave equation 0 1 2 3 4 

55. Orbital theory - quantum numbers 0 1 2 3 4 



LEVEL OF 
UNDERSTANDING 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 
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Evaiuatt Mch knowMga araa in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING n««d*d 
by nawHy Uoanaad (cartifM) chamlstry taachars if thay ara to parform thair job in a compatant mannar. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no Importanca (0) An undaratanding of tha Icnowtadga araa is not naadad 

(1) Of llttia Importanca (1) DEFINE tha tarms usad In tha knowladaa araa 

(2) Modarataly Important (2) COMPREHEND tha asaantial propartias of tha knowladga araa 

(3) Important (3) APPLY/UTIUZE tha knowtadpa araa to addrass problams or quastions 

(4) Vary Important (4) ANALYZE tha knowladga araa Into componant parts and axplain tha 

intarratatlonshlps among tha parts 



LEVEL OF 

B, BASIC TOPICS IN PHYSICAL SCIENCE (cont.) IMPORTANCE UNDERSTANDING 

56. Characteristics of an electron in an atom 





(e.g., shells, orbitals) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


57. 


Properties of electromagnetic radiation .... 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


58. 


Spectroscopy 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


59. 


Pauli exclusion principle 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


60. 




0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


61. 


Chemical properties related to electron 
























configuration (e.g., atomic valences and 
























reactivity) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 



62. Atomic mass, atomic number, mass number and 





isotopes 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


63. 


Nuclear forces and binding energy 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


64. 


Mass/energy transformation 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


65. 


Types of radioactive decay (e.g., alpha, beta, 
gamma emission) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


66. 


Artificial and natural radioactivity 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


67. 


Half-life of radioactive isotopes 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


68. 


Nuclear reactions (transmutation, fission. 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 



69. Overall evaluation of the importance of Basse 

Topics in Physical Science 0 1 2 3 4 
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Evaluate aach knowtedga araa in tarms of IMPORTANCE for and LEVEL OF UNDERSTANDING naadad 
by nawly Ncansad (cartlflad) chamlatry taachara If thay ara to partorm thair job In a compatant mannar. 



IMPORTANCE 

{0) Of no Importanca 

(1) Of imia Imponanca 

(2) Modarately Important 

(3) Important 

(4) Vary Important 



LEVEL OF UNDERSTANDING 

(0) An undaratandInQ of tha knowladga araa it not naadad 

(1) DEFINE tha terma uaad in tha knowladga araa 

(2) COMPREHEND tha aaaantlat propartiaa of tha knowladga araa 

(3) APPLY/UTILIZE tha knowladga araa to addraaa proMama or quaationa 

(4) ANALYZE tha knowladga araa into componant parte and axplaln tha 
Intarratetionahlpa among tha parte 



B. BASIC TOPICS IN PHYSICAL SCIENCE (cont) 

70. How well do the knowledge areas in section B cover the important aspects of Basic Topics in 
Physical Science? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 



LEVEL OF 

CHEMICAL PERIODICITY IMPORTANCE IJNDERSTANDINg 

71. The development of the periodic table 01234 01234 

72. The position of metals, nonmetals, and 

metalloids 0 1 2 3 4 0 1 2 3 4 

73. Trends in melting and boiling temperatures ... 0123 4 01234 

74. Trends in atomic radii, ionization energy, 

electron affinity, and electronegativity 01234 01234 

75. Relationship of periodic table to electron 

configurations of the atoms 0 1 2 3 4 0 1 2 3 4 

76. Oxidation numbers for elements in a 

compound 0 1 2 3 4 0 1 2 3 4 
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Evaluate •ach knowlad9a araa in tarmt of IMPORTANCE for arid LEVEL OF UNDERSTANDING naadod 
by nowly Ucontad (cartiflod) chamlttry taaehart If thay ara to parform thair job In a compatant mannar. 



IMPORTANCE 

(0) Of no importanca 

(1) Of Uttia Imporunoa 

(2) Modarataly Important 

(3) important 

(4) VarylmporUnt 



LEVEL OF UNDERSTANDING 

(0) An undaratanding of tha knowiadga araa la not naadad 

(1) DEFINE tha larma uaad In tha knowiadga araa 

(2) COMPREHEND tha aaaantial propartiaa of tha knowiadga araa 

(3) APPLY/UTILIZE tha knowiadga araa to addraaa problama or quaationa 

(4) ANALYZE tha knowiadga araa Into componant paru and axplain tha 
intarralationahlpa among tha parts 



LEVEL OF 

€• CHEMICAL PERlQDICrTY (cont) IMPORTANCE UNDERSTANDING 

77. Periodicity of the oxidation states of the 

elements 0 1 2. 3 4 0 1 2'3 4 

78. Chemical properties and reactions of the 
elements as reflected by their positions in the 

periodic table 0 1 2 3 4 0 1 2 3 4 

79. Overall evaluation of the importance of 

Chemical Periodicity 0 1 2 3 4 

80. How well do the knowledge areas in section C cover the important aspects of Chemical 
Periodicity? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 



a NOMENCLATURE 

81. Inorganic nomenclature of ionic compounds and 

acids 0 1 2 3 4 

82. Nomenclature of the classes of organic 
compounds (e.g., saturated and unsaturated 
hydrocarbons, alcohols, ethers, aldehydes, 

ketones) 0 1 2 3 4 

83. Overall evaluation of the importance of 

Nomenclature 0 1 2 3 4 



0 12 3 4 



0 12 3 4 
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BEST COPY AVAIU aLE 



Evaluate aach krK>wlad9a araa in tarma of IMPORTANCE for and LEVEL OF UND ERSTANDING naadad 
by nawfy ilcanaad (cartiflad) chamlatry taachara If thay ara to parform thair job In a compatant mannar. 



IMPORTANCE 

(0) Of no Importanca 

(1) Of Uttla importanca 

(2) Modarataly ImporUnt 

(3) Important 

(4) Vary important 



LEVEL OF UNDERSTANDING 

(0) An umlaratanding of tha Icnowtadga araa la not naadad 

(1) DEFINE tha tarma uaad In tha Itnowladga araa 

(2) COMPREHEND tha aaaantial propartiaa of tha Itnowiadga araa 

(3) APPi v/imi t7F tha Itnowiadga araa to addraaa problama or quaationa 

(4) ANALYZE tha knowladga araa Into componant parU and axplain tha 
Intarralationahipa among tha parU 



D. NOMENCLATURE (cont.) 

84. How well do the knowledge areas in section D cover the important aspects of Nomenclature? 



1 2 3 

Very Poorly Poorly Adequately 

What important aspects, if any, are not covered? 



4 

Well 



Very Well 



E. THE MOLE. CHEMICAL BONDING. AND LEVEL OF 

MOLECULAR GEOMETRY IMPORTANCE UNDERSTANDING 

85. Mole concept and mass-moie-number 

relationships 0 1 2 3 4 0 1 2 3 4 

86. Information conveyed by a chemical 

formula ' 0 1 2 3 4 0 1 2 3 4 

87. Law of constant composition and law of multiple 

proportions 01 2 3 4 0 1 2 3 4 

88. Percent composition of elements in a 

compound 0 1 2 3 4 0 1 2 3 4 

89. Information conveyed by empirical and 

molecular formulas 0 1 2 3 4 0 1 234 

90. Ionic, covalcnt, and metallic bonds 0 1 234 0 1 2 3 4 

91. Rules for calculating oxidation numbers of atoms 

in a compound 0 1 2 3 4 0 1 2 3 4 

92. Electron dot formulas and structural 

formulas 0 1 2 3 4 0 1 2 3 4 

93. Multiple bonds 0 1 2 3 4 0 1 2 3 4 

94. Types of bonding related to electronegativity 

differences ... 0 1 2 3 4 0 1 2 3 4 



Ca12 



Evaiuat* MCh knowiMiga araa in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING needed 
by newly licensed (certified) chemistry teachers If they are to perform their job in a competent manner. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no importance (0) An understanding of the knowledge area is not needed 

(1) Of little Importance (1) DEFINE the terms used In the knowledge area 

(2) Moderately imporunt (2) COMPREHEND the essential properties of the knowledge area 

(3) Important (3) APPLY/UTILIZE the knowledge area to address problems or questions 

(4) Very Important (4) ANALYZE the knowledge area into component parts and explain the 

Interrelationships among the parts 



THE MOLE. CHEMICAL BONDING AND LEVEL OF 

MOLECULAR GEOMETRY (cont.) IMPORTANCE UNDERSTANDING 

95. Valence shell electron pair repulsion model for 





molecular shapes (VSEPR) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


96. 


Simple structures of isomers 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


97. 


Chemical and physical properties of compounds 
related to type of bonding and geometry 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


98. 




0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


99. 




0 


1 


2 


3 


4 


0 


1 


2 


3 


4 



The Kinetic Theory and States of Matter 
100. Assumptions of the kinetic molecular theory of 







0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


101. 


Maxwell-Boltzmann velocity distributions . . . . 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


102. 




0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


103. 


Relationships among volume, pressure, 
temperature, and quantity for ideal gases . . . . 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


104. 


Dalton\s law of partial pressures 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


105. 


Real versus ideal gases 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 



106. Forces of attraction among molecules 
(e.g., hydrogen bonds, dipole-dipole 

interactions) 0 1 2 3 4 0 1 2 3 4 

107. Phase changes for a pure substance 

(e.g., pressure and temperature effects) 0 1234 0 1234 

108. Relationships among evaporation rate, boiling 

temperature, and vapor pressure 0 1 2 3 4 0 1 2 3 4 

109. Special properties of water (e.g., density of solid 
versus liquid, high heat capacity, unusually high 

boiling temperature) 01 2 3 4 0 1 2 3 4 

110. Relationships among phases of matter, forces 
between particles and particle energy 

(e.g., shape, volume, diffusion, density, and 

compressibility) 0 1 2 3 4 0 1 2 3 4 
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Evaluate Mch knowi«d9« ar«a in tarmt of IMPORTANCE for and LEVEL OF UNDERSTANDING n—dod 
by nawiy llc«nt«d (cartifM) chamlstry taaelms If thay ara to parform thair job In a compatant mannar. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no importanca (0) An undaratanding of tha knowiadga araa la not neadad 

(1) Of imia imporUnca (1) DEFINE tha tarma uaad In tha knowiadga araa 

(2) Modaralaly ImporUnt (2) COMPREHEND tha aaaantial propartiaa of tha knowiadga araa 

(3) ImporUnt (3) APPLY/UTILIZE tha knowiadga araa to addraaa probiama or quaationa 

(4) Vary Important (4) ANALYZE tha knowiadga araa Into componant parU and axplain.tha 

Intarralationahlpa among tha parta 



E. THE MOLE. CHEMICAL BONDING. AND LEVEL OF 

MOLECULAR GEOMETRY (cent) IMPORTANCE UNDERSTANDING 

111. Characteristics of crystals 0 1 2 3 4 0 1 2 3 4 

Chemical Reactions 

112. Equation balancing from written descriptions of 

chemical reactions 0 1 2 3 4 0 1 2 3 4 

113. General types of chemical reactions 
(i.e., composition, decomposition, ionic 

replacement) 0 1 2 3 4 0 1 2 3 4 

114. Stoichiometry 0 1 2 3 4 0 1 2 3 4 

1 15. Endothermic and exothermic reactions 01234^ 01234 

116. Spontaneity in chemical reactions (e.g., free 

energy, entropy, Gibbs-Helmholtz equation) ... 01234 01234 

117. Collision theory and reaction rates 01234 01234 

118. Activation energy and the effects of a 

catalyst 0 1 2 3 4 0 1 2 3 4 

119. Rate-influencing factors in chemical reactions 
(e.g., temperature, pressure, concentration, 

catalyst) 0 1 2 3 4 0 1 2 3 4 

120. Rate expressions and orders of reactions 01234 01234 

121. Reaction mechanisms 0 1 2 3 4 0 1 2 3 4 

122. Chemical equilibria 0 1 2 3 4 0 1 2 3 4 

123. Lc Chatclicr*s principle and factors that dist):?-b 
the equilibrium of systems (e.g., temperature, 

concentration)....' 0 1 2 3 4 0 1 2 3 4 

124. Properties and production of ammonia 

(e.g., the Habcr equilibrium) 0 1 234 01 234 

125. Oxidation and reduction reactions 01 234 012 3 4 

126. Electrochemical cells and electrode 

reactions 0 1 2 3 4 0 1 2 3 4 

127. Metallurgical properties of the transition 

metals 0 1 2 3 4 0 1 2 3 4 
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Evaluate aaeh knowMga mr— in tarms of IMPORTANCE for and LEVEL OF UNDERSTANDING neodod 
by nawly Ifcansad (cartiflad) chamiatry taachara If thay ara to parform thair job in a compatant mannar. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no impoitanca (0) An undaratandlng of tha knowiadga araa ia not naadad 

(1) Of Uttla ImporUnca (1) DEFINE tha larma uaad in tha knowtcdoa araa 

(2) Modarataiy important (2) COMPREHEND tha aaaantial propartiaa of tha knowladqa araa 

(3) Important (3) APPLY/UTILIZE tha knowladga araa to addrasa problama or quaationa 

(4) VaryimporUnt (4) ANALYZE tha knowiadqa araa into componant parU and axplain tha 

Intarralatlonahipa among tha parta 



THE MOLE. CHEMICAL BONDING, AND LEVEL OF 

MOLECULAR GEOMETRY (cont.) IMPORTANCE UNDERSTANDING 

128. Redox properties of the halogens and the halide 

ions 0 1 2 3 4 0 1 2 3 4 

129. Faraday's laws of electrolysis 0 1 2 3 4 0 1 2 3 4 

130. Practical applications of electrochemistry 
(e.g., electroplating, lead storage battery, pH 

meter) 0 1 2 3 4 0 1 2 3 4 

Solutions and Solubility . 

131. Types of solutions (e.g., solid-solid, solid-liquid, 

liquid-gas) 0 1 2 3 4 0 1 2 3 4 

132. Solutes, solvents and solubility 0 1 2 3 4 0 1 2 3 4 

133. Effects of temperature and pressure on 

solubility 0 i 2 

134. Dissolving process 0 1 2 

135. Solubility product (K^) 0 1.2 

136. Concentration of solutes (e.g., dilute, 
concentrated, saturated; molarity) 0 1 234 0.1 234 

137. Conductivity of solutions and the ionization 
process 0 1 2 3 4 0 1 2 3 4 

138. Strong and weak electrolytes; non- 
electrolytes 0 1 2 3 4 0 1 2 3 4 

139. CoUigativc properties of solutions 01234 01 234 

140. Characteristic properties of acids, bases, and 
salts 0 1 2 3 4 0 1 2 3 4 

141. Arrhenius, Bronsted-Lowry, and Lewis acid-base 
theories 0 1 2 3 4 0 1 2 3 4 

142. pH of solutions of strong and weak acids and 
bases 0 1 2 3 4 0 1 2 3 4 

143. Relative strengths of acids and bases 0 .1 234 01 234 



4 


0 


1 


2 


3 


4 


4 


0 


1 


2 


3 


4 


4 


0 


1 


2 


3 


4 
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Evaluate aacli knowMQa araa in tarmt of IMPORTANCE for and LEVEL OF UNDERSTANDING naadad 
by nawiy lic«na«d (cartifM) chamittry taaehara If thay ara to parform thair {ob in a compatant mannar. 



IMPORTANCE 

(0) Of no importanca 

(1) Of intSa Imporunca 

(2) Modarataly Important 

(3) Important 

(4) Vary Important 



LEVEL OF UNDERSTANDING 

(0) An undaraundinQ of tha knowtadga araa Is not naadad 

(1) DEFINE tha tarma usad In tha knowiadga araa 

(2) COMPREHEND tha aaaantial propartiaa of tha knowiadga araa 

(3) APPi Y/^ Tii t7P tha knowladga araa to addraaa problama or quaationa 

(4) ANALYZE tha knowladga araa into componant parU and axpUin tha 
Intarraiatlonahlpa among tha parts 



THE MOLE, CHEMICAL BONDING. AN D 
MOLECULAR GEOMETRY (cont) 

144. Production, properties, and use of the common 
acids (e.g., sulfuric, phosphoric, nitric, 
hydrochloric) 

145. Acid-base titration and indicators 

146. Buffer solutions 



IMPORTANCE 

0 12 3 4 
0 12 3 4 
0 12 3 4 



LEVEL OF 
UNDERSTANDING 



0 12 3 4 
0 12 3 4 
0 12 3 4 



147. Overall evaluation of the importance of the 
Mole, Chemical Bondings and Molecular 

Geometry 0 1 2 3 4 

148. How well do the knowledge areas in section E cover the important aspects of The Mole, 
Chemical Bonding, and Molecular Geometry? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 



BIOCHEMLSTRY 

149. Organic functional groups and their 

reactions 0 1 2 3 4 0 1 2 3 4 

150. Monomers and polymers 0 1 2 3 4 0 1 2 3 4 

151. Biologic?Jly important compounds 
(e.g., sugars, carbohydrates, amino acids, 
proteins, nucleic acids, carboxylic acids, 

enzymes) . 0 1 2 3 4 0 1 2 3 4 

152. Biologically important chemical processes (e.g., 
photosynthesis, biolumincsccncc, respiration, 

hydrolysis, phosphorylation) 0 1 2 3 4 0 1 2 3 4 

153. Structure and replication of nucleic acids 0 1 2 3 4 0 12 3 4 
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Evatuato aiich kiK>wl#dg« «r«a in terms of IMPORTANCE ^or and LEVEL OF UNDERSTANDiNG naadad 
by nawly i (can tad (caiUfiad) chamittry taachart if thay ara to parform thair Job In a compalant mannar. 



IMPORTANCE 

(0) Of no imporunca 

(1) Of llttia importanca 

(2) Modarataiy imporUnt 

(3) Important 

(4) Vary important 



LEVEL OF UNDERSTANDING 

(0) An undaratanding of tha knowladga area it not needad 

(1) DEFINE tha farms usad In tha knowladga araa 

(2) COMPREHEND tha asaantlal propartias of tha knowladga araa 

(3) APPLY/UTILIZE tha knowladga araa to addrass problams or quastions 

(4) ANALYZE tha knowladga araa into componant parts and axplain tha 
Intarralatlonshlps among tha parts 



F. BIOCHEMISTRY (cent) 

154. Energy storage and release in biological 
systems 



LEVEL OF 
IMPORTANCE UNDERSTANDING 



0 12 3 4 



0 12 3 4 



155. Overall evaluation of the importance of 
Biochemistry? 



0 12 3 4 



156. How well do the knowledge areas in section F cover the important aspects of Biochemistry? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 



What important aspects, if any, are not covered? 



G. SCIENCE. TECHNOLOGY. AND SOCIETY 

157. Awareness of ethical and moral responsibilities 

of scientists 0 1 2 3 4 0 1 2 3 4 

158. Awareness of ethical issues, risks, and 
benefits associated with the application of 

science 0 l 2 3 4 0 1 2 3 4 

159. Detection of environmental hazards 0 1 234 0 1234 

160. Risk management issues associated with energy 

production, transmission, and use 0 1 2 3 4 0 1 2 3 4 

161. Risk management issues associated with 
production, storage, use, and disposal of 

consumer products 0 1 2 3 4 0 1 2 3 4 

162. Waste management issues and recycling 0 1234 01234 

163. Management of resources (e.g.. soil, water, 

metals, and fossil fuels) 0 1 2 3 4 0 1 2 3 4 
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Ev«luat# —ch knowM9« arM in tormt of tMPORTAWCE for and LEVEL OF UND ERSTANDING n«od«d 
by n«w«y licont«d (c#flifl#d) chomlttry Uachort if th«y aro to parform thair |obf in a comp^ant mannar. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no Impoftanca (0) An undaratanding of tha knowtadcia araa ia not naadad 

(1) Of Uttia importanca (1) DEFINE tha larma uaad in tha knowtadga araa 

(2) Modarataly Important (2) COMPREHEND tha aaaantial propartiaa of tha knowladga araa 

(3) Important (3) APPLY/UTILIZE tha knowladga araa to addraaa problama or quaationa 

(4) Vary important (4) ANALYZE tha knowladga araa into oomponant parta and axplain tha 

intarratationahipa among tha parta 



LEVEL OF 

G. SCIENCE. TECHNOLOGY. AND SOCIETY (cont,) IMPORTANCE UNDERSTANDING 

164. Use of science and technology to predict and 

prepare for natural disasters 01234 01234 

165. Use of technology in everyday life (e.g., lamp, 
smoke detector, TV, computer, internal 

combustion engine) 0 1 2 3 4 0 1 2 3 4 

166. Technology transfer (e.g., spin-offs from space 

technology, superconductors) 0 1 2 34 0 1 234 

167. Issues associated with the use of chemicals 
in agriculture, food preparation and 

preservation 0 1 2 3 4 0 1 2 3 4 

168. Social, political and economic issues arising from 

science and technology 0 1 2 3 4 0 1 2 3 4 



169. Overall evaluation of the importance of Science, 

Technology^ and Society 0 1 2 3 4 

170. How well do the knowledge areas in section G cover the important aspects of Science, 
Technology, and Society? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 
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Evaluate aaeh knowMga araa in tarms of IMPORTANCE for and LEVEL OF UNDERSTANDING naadad 
by nawly Ikantad (cartiflad) chamistry taachara If thay ara to parform thair job In a compatant mannar. 



IMPORTANCE 

(0) Of no importanca 

(1) Of littia Importanca 

(2) Modarataly ImporUnt 

(3) Important 

(4) Vary Important 



LEVEL OF UNDERSTANDING 

(0) An undarttanding of tha knowiadga araa la not naadad 

(1) DEFINE tha torma uaad In tha knowiadga araa 

(2) COMPREHEND tha aaaantial proparUaa of tha knowiadga araa 

(3) APPLY/UTIUZE tha knowiadga araa to addraaa probiama or quaationa 

(4) ANALYZE tha knovvladga araa Into componant parts and axplain tha 
Intarralationahipa among tha parts 



PEDAGOGY SPECIFIC TO THE PHYSICAL LEVEL OF 

SCIENCES IMPORTANCE UNDERSTANDING 

171. Recognition of and compensation for complex 
factors associated with societal and school- 
related issues that may affect the teaching of the 

physical sciences 0 1 2 3 4 0 1 2 3 4 

172. Recognition of and compensation for complex 
factors associated with societal and school- 
related issues that may affect student's learning 

of the physical sciences 0 1 2 3 4 0 1 2 3 4 

Curriculum: Organization and Materials 

173. Reasons for learning the physical sciences .... 01234 01234 

174. Reasons for teaching a particular topic in the 

physical sciences 0 1 2 3 4 0 1 2 3 4 

175. Integration within topics in the physical 

sciences 0 1 2 3 4 0 1 2 3 4 

176. Integration among the physical sciences and 

other disciplines 0 1 2 3 4 0 1 2 3 4 

177. Scope and sequence of topics in the physical 
sciences curricula for all students and 

justification for the scope and sequence 01234 01234 

178. Lesson plans in the physical sciences curricula 
for all students and justification for the 

plans 01234 01234 

179. Selection and use of curricular materials and 
resources (e.g., textbooks and other printed 
materials, computer software, laboratory 

materials) for the physical sciences 01234 01234 
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EvaliMl* Mch knowMg« arM in tarmt of IMPORTANCE for and LEVEL OF UND ERSTANDING noodod 
by n«w«y l)c«nM<l (cortiftod) chomlatry toaehora If thay ara to parform thalr job In a compatant mannar. 



IMPORTANCE 

(0} Of nolmportanca 

(1) Of Uttla importanca 

(2) Modarataly important 

(3) Important 

(4) Varyimporunt 



LEVEL OF UNDERSTANDING 

(0) An undaraUnding of tha itnowladga araa ia not naadad 

(1) DEFINE tha tarma uaad in tha knowiadya araa 

(2) COMPREHEND tha aaaantial propartiaa of tha knowladga araa 

(3) APPLY/UTlUZE tha knowladga araa to addraaa probfama or quaationa 

(4) ANALYZE tha knowladga araa into componant parte and axplain tha 
intarralationahipa among tha parte 



H. PEDAGOGY SPECIFIC TO THE PHYSICAL LEVEL OF 

SCIENCES (cont.) IMPORTANCE IJNpERSTANDINQ 

180. Selection and use of mass media (e.g., film, 
television, video) appropriate for topics in the 

physical sciences 01234 01234 

181. Selection and use of current technologies 
(e.g., computer, videodisc, interactive television, 
video) appropriate for laboratory data collection 
and other instructional purposes in the physical 

sciences 0 1 2 3 4 0 1 2 3 4 

Instruction 

182. Prerequisite knowledge, experience, and skills 
that students need for various topics in the 

physical sciences 0 1 2 3 4 0 1 2 3 4 

183. Recognition of and accommodation to the 
prior conceptions, experience, and skills that 
students bring to various topics in the physical 

sciences 0 1 2 3 4 0 1 2 3 4 

184. Identification and selection of appropriate lab 
experiences for various instructional goals and 

student learning needs 0 1 2 3 4 0 1 2 3 4 

185. Design of appropriate lab experiences for 
various instructional goals and student learning 

needs. 0 1 2 3 4 0 1 2 3 4 

186. Strategics for motivating and encouraging 

students to succeed in the physical sciences ... 01234 01234 

187. Strategics for addressing controversial and/or 

sensitive issues in the physical sciences 0 1 2 3 4 0 1 2 3 4 

Assessment and Evaluation 

188. Assessment strategics (e.g., laboratory reports, 
portfolios, observations, oral discussions, written 
tests, performance-based assessments, projects) 
to evaluate student performance in the phvsical 

sciences ' 0 1 2 3 4 0 I 2 3 4 
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Evaiuat* Mch knowMga In tMrmt of iMPORTANCE for and LEVEL OF UNDERSTANDING noMlod 
by nawiy Hcansod (c^rtifM) chomistry toaohart if thay ara to parform thair ]ob in a compatant mannar. 



IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no importanca (0) An undaratanding of tha knowtadga araa Is not naadad ^ 

(1) Of litlia ImporUnca (1) DEFINE tha <arma uaad In tha knowladga araa 

(2) Modaralaiy Important (2) COMPREHEND tha aaaantial propartiaa of tha knowtadqa araa 

(3) Important (3) APPLY/UTILIZE tha knowladqa araa to addraaa problama or quaationa 

(4) VaryMnporUnt (4) ANALYZE tha knowtadoa araa Into componant paru and axpiain tha 

Intarralationahlpa among tha parts 



H. PEDAGOGY SPECIFIC TO THE PHYSICAL LEVEL OF 

SCIENCES (cent.) IMPORTANCE UNDERSTANDING 

189. Errors in student work and performance that 
arise from prior conceptions about topics in the 

physical sciences 0 1 2 3 4 0 1 2 3 4 



Professional Concerns 

190. Professional and scholarly literature 

(e.g., journals, reference works) appropriate for 
teachers and students in the physical 







0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


191. 


Professional and scholarly organizations for 
science educators . 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


192. 


Legal responsibilities and liabilities for teachers 
in the physical sciences 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


193. 


Responsibilities for continuing education in the 
physical sciences and in science education .... 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


194. 


Resources available in the community 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


195. 




0 


1 


2 


3 


4 


0 


1 


2 


3 


4 



1%. Overall evaluation of the importance of 

Pedagogy Specific to the Physical Sciences .... 01234 

197. How well do the knowledge areas in section H cover the important aspects of Pedagogy 
Specific to the Physical Sciences? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 
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PART II - RECOMMENDATIONS FOR TEST CONTENT 



Listed below are ei^t broad topics that may be covered on the new licensing examination for chemistry. If 
the examination contained 100 questions, how many questions should be included from each topic? If you 
feel a category should not be included in the exam, put 0 in the space provided. Make sure your responses 
sum to 100. 

TOPICS NUMBER OF TKST QUESTIONS 

(out of 100) 

198. SCIENTinC METHODOLOGY/TECHNIOUES/ 

HISTORY 



199. BASIC TOPICS IN PHYSICAL SCIENCE 

200. CHEMICAL PERIODICITY 

201. NOMENCLATURE 

202. THE MOLE, CHEMICAL BONDING AND MOLECULAR 
GEOMETRY 

203. BIOCHEMISTRY 

204. SCIENCE, TECHNOLOGY, AND SOCIETY 

205. PEDAGOGY SPECIHC TO THE PHYSICAL SCIENCES 



TOTAL 100 
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PART III . BACKGROUND INFORMATION 



The information that you j./ovide in this section is completely confidential and will be used for research 
purposes only. Please answer the questions by circling the number that most closely describes you or your 
professional activities. Unless otherwise indicated, please circle only one response for each question. 

206. Where do you work? 



1. Alabama 


18. Kentucky 


36. Ohio 


2. Alaska 


19. Louisiana 


37. Oklahoma 


3. Arizona 


20. Maine 


38. Oregon 


4. Arkansas 


21. Maryland 


39. Pennsylvania 


5. California 


22 Massachusetts 


40. Puerto Rico 


6. Colorado 


23. Michigan 


41. Rhode Island 


7. Connecticut 


24. Minnesota 


42. South Carolina 


8. Delaware 


25. Mississippi 


43. South Dakota 


9. District of 


26. Missouri 


44. Tennessee 


Columbia 


27. Montana 


45. Texas 


10. Florida 


28. Nebraska 


46. Utah 


11. Georgia 


29. Nevada 


47. Vermont 


12. Hawaii 


30. New Hampshire 


" 48. Virginia 


13. Idaho 


31. New Jersey 


49. Washington 


14. Illinois 


32. New Mexico 


50. West Vir^ia 


IS. Indiana 


33. New York 


51. Wisconsin 


16. Iowa 


34. North Carolina 


52. Wyoming 


17. Kansas 


35. North Dakota 





207. What is your age? 

1. Under 25 

2. 25-34 

3. 35-44 

4. 45-54 

5. 55^ 

6. Over 64 



208. What is your sex? 

1. Female 

2. Male 



209. Which of the following best describes the area in which you work? 

1. Urban 

2. Suburban 

3. Rural 
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210. How do you describe yourself? 

1. Native American, American Indian, or Alaskan Native 

2. Asian American, Asian, Native Hawaiian, or Pacific Islander 

3. African American or Black 

4. Mexican American or Chicano 

5. Puerto Rican 

6. Latin American, South American, Central American, or other Hispanic 

7. White 

8. Other 

211. Which of the following best describes your highest educational attainment? 

4. Less than a bachelor's 

2. Bachelor's 

3. Bachelor's + additional credits 

4. Master's 

5. Master's + additional credits 

6. Doctorate 



212. Which of the following best describes your current employment status? 

1. Temporary substitute (assigned on a daily basis) 

2. Permanent substitute (assigned on a longer term basis) 

3. Regular teacher (not a substitute) 

4. Principal or assistant principal 

5. School administrator 

6. Curriculum supervisor 

7. State administrator 

8. College faculty 

9. Other (please specify) 



213. How many years have you taught chemistry? 

1. Never taught chemistry 

2. Less than a year 

3. 1 - 2 years 

4. 3 • 5 years 

5. 6 » 10 years 

6. 11-15 years 

7. 16-20 years 

8. 21 or more years 



214. What grade lcvcl(s) arc you currently teaching? (Circle iilllhat apply) 

1 . Preschool/Kindergarten 

2. Grades 1-4 

3. Grades 5-8 

4. Grades 9-12 

5. College 

6. Do not teach 

7. Other (please specify) 
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215. Which of the following describes your current teaching assignment? (Circle aiithat apply)? 



1. Biology 

2. Earth and Space Science 

3. Ecology 

4. General Science 

5. Marine Science 

6. Physical Science 

7. Physics 

8. Chemistry 

9. College 

10. Do not teach 

11. Other (please specify) 



216. Circle the following organizations to which you belong. 

1. American Association of Physics Teachers 

2. American Association for the Advancement of Science 

3. American Chemical Society 

. 4. American Federation of Teachers 

5. National Association of Biology Teachers 

6. National Association for Research in Science Teaching 

7. National Science Supervisors Association 

8. National Science Teachers Association 

9. National Association for Science, Technology, and Society 

10. National Education Association 

11. Other (please specify) 



THANK YOU FOR COMPLETING THIS INVENTORY, 
PLEASE RETURN IT WITHIN 10 DAYS USING THE ENCLOSED ENVELOPE, 



ERIC 
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INTRODUCTION 



Educational Testing Service (ETS) is developing a new generation of assessments for the 
purpose of licensing (certifying) teachers. The inventory that follows is part of our 
development effort and is designed to gather information concerning the job of a newly 
licensed physics teacher. It was developed by high school teachers, college faculty, and 
state department of education officials, along with ETS staff. 

Those who constructed this inventory recognize that physics teachers are required to 
teach students with varying backgrounds and levels of ability. For this reason, the 
collaborators believe that teachers should have a broad and deep understanding of 
physics in order to teach it. The inventory asks you to respond to a list of statements 
and to judge (a) the importance of the knowledge statements for newly licen 
(certified) physics teachers and (b) the level of understanding needed by newly licensed 
(certified) physics teachers. Please do not relate each statement to your own job but 
rather to what you believe newly licensed (certified) physics teachers should know. 

The information you provide will guide the development of a new NTE Physics 
examination. It is expected that the new examination will differ from the current 
examination in both content and design. In addition to the development of a new 
examination, this study will contribute to our understanding of physics teaching as a 
profession. We expect the results of the study to be widely disseminated and to be very 
useful to the profession. 

The inventory has been mailed to a group of approximately 800 professionals. Its value 
is directly related to the number of individuals who return their completed inventories. 
Because you represent a large number of professionals, your responses are extremely 
important. The inventory requires approximately 60 minutes to complete. Please return 
your completed inventory within 10 days. 
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PART I - KNOWLEDGE AREAS FOR PHYSICS TEACHERS 



The purpose of ihis inventory is to determine what you believe newly licensed (certified") physic s teachers 
should know in order to perform their job in a competent manner. On the following pages you will find 
eight major content areas and, beneath each, a list of knowledge statements that define the particular content 
area. The order of presentation of the eight content areas in the inventory is not meaningful. 

The eight content areas are: 



A. SCIENTIFIC METHODOLOGY/TECHNIQUES/HISTORY 

B. BASIC TOPICS IN PHYSICAL SCIENCE 

C. MECHANICS 

D. ELECTRICITY AND MAGNETISM 

E. WAVES 

F. MODERN PHYSICS 

G. SCIENCE, TECHNOLOGY, AND SOCIETY 

H. PEDAGOGY SPECIFIC TO THE PHYSICAL SCIENCES 



For each statement within each of these content areas, you will be asked to make the following judgments: 



!iow important is an understanding of this knowledge area for newly licensed (^certified j physics 
teachers if they are to perform their jobs in a competent manner? 



(0) Of no importance 

(1) Of little importance 

(2) Moderately important 

(3) Important 

(4) Ve.7 important 



What level of understanding is typical!y needed by newly licensed (certified) physics teachers in 
each knowledge area? 

(Note: Th«s« icvcU arc hicrarrhkaUy arnin(»ed: level #2 subsumes level #1; level #3 subsumes levels #2 and #1; level #4 
subsumes levels #3, #1, and #t. The zero (0) point is not subsumed by any other scale point.) 

(0) An understanding of the knowledge area is not needed. 

(1) Requires the ability to define the terms used in the knowledge area. 

(2) Requires the ability to comprehend the essential properties of the knowledge area. 

(3) Requires the ability to ap ply/utili/e the knowledge area lo address problems or questions. 

(4) Requires the ability to analyze the knowledge area into component parts and explain 
the interrelationships among the parts. 



Circle your responses using the scales adjacent lo each statement. To familiarixe yourself with the content 
areas and statements, you may wish to glance through Part I before making your judgments. 
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Evatuat* Mch knowiMlQ* mr— in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING nMd«d by 
n^wly iic«nMd (oartifM) t«acti«rs of physics coursas if lhay ara to parform thair Job in a compatant manner. 



tiyiPORTANCE 

(0) Of no importanca 

(1) Of Nttla imporunca 

(2) Moclarataly Important 

(3) Important 

(4) Vary important 



LEVEL OF UNDERSTANDING 

(0) An undaratanding of tha knowladga araa is not naedad 

(1 ) DEFINE tha tarms usad in tha knowladga araa 

(2) COMPREHEND tha assantlai propartias of tha knowladga araa 

(3) APPLY/UTiLIZE tha knowladga araa io addrass proMams or questions 

(4) ANALYZE tha knowladga araa into component parts and explain tha 
interrelationships among tha parts 



A. SCIENTIFIC 

METHODOLOGY/tECHNIOUES/HISTQRY 

Methodology 

1. Scientiflc methods (e.g., formulation of problem, 
hypotheses, experiments, interpretations, 
predictions, conclusions) 

2. Science process skills (e.g., qualitative and 
quantitative observations, interpretations, 
communication, inferences, applications) 

3. Assumptions, models, laws, and theories 

4. Design of experiments (e.g., controls, 
independent and dependent variables) 

History and PhUosophy of Science 

5. Historical roots of science 

6. Contributions of individuals 

7. Contributions of ethnic groups and cultures . . . 
Mathematics. Measurement, and Data Manipulation 

8. The metric and SI systems 

9. Scientific notation 

Estimation and approximation 



LEVEL OF 
IMPORTANCE UNDERSTANDING 



10. 
11. 



Significant figures in measurement and 
calculations 



12. Unit/dimensional analysis 

13. Experimental errors (e.g., sources, 
quantifications, precision, accuracy) 

14. Mathematical relationships and patterns in 
numerical data (e.g., direct, exponential) . 

15. Statistics of distributions 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 



0 12 3 4 

0 12 3 4 
0 12 3 4 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 



0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 
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1 
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3 


4 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 



0 12 3 4 

0 12 3 4 
0 12 3 4 



ERIC 



Cb5 



82 



Evfituato MCh knowi«d9« arM in tarms of IMPORTANCE for tnd LEVEL OF UNDERSTANDING n#«cM by 
nawiy llc«nt#d (cartifM) Uaehart of phytlct courMt If my ara to p«Hofm thatr Job in a comp^tant mannar. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no importanca (0) An undarttanding of tha knowiadga area is not naadad 

(1) Of iHtla importanca (1) DEFINE tha tarms usad in tha knowiadga araa 

(2) Modar ataly Important (2) COMPREHEND tha aaaantial propartiaa of tha knowiadga araa 

(3) Imporunt (3) APPLY/UTiUZE tha knowiadga araa to addraas problams or quastlons 

(4) Vary ImporUnt (4) ANALYZE tha knowiadga araa into component parU and explain tha 

Intarralationahips among tha paru 



SCIENTIFIC LEVEL OF 

METHODQLOr.Y/TECHNlOUES/HlSTQRY (cont.) IMPORTANCE UNDERSTANDING 

16. Simple digital (binary) logic 0 1 2 3 4 0 1 2 3 4 

17. Organization and interpretation of data and 
equations (e.g., tables, graphs, 

spreadsheets) 0 1 2 3 4 0 1 2 3 4 

18. Differentiation and simple integration 01234 01234 

19. Vector algebra 0 1 2 3 4 0 1 2 3 4 

Laboratory and Safety 

20. Use and calibration of laboratory equipment 
(e.g., balances, electrical meters, barometers, 

optical equipment) 0 1 2 3 4 0 1 2 3 4 

21 . Maintenance of laboratory equipment 

(e.g., balances, electrical meters, barometers, 

optical equipment) 0 1 2 3 4 0 1 2 3 4 

22. Preparation and set up of materials and 

apparatus 0 1 2 3 4 0 1 2 3 4 

23. Laboratory safety (e.g., laboratory hazards, 

storage and disposal of materials) 0 1 2 3 4 0 1 2 3 4 

24. Emergency procedures for laboratory accidents 01234 01234 

25. Overall evaluation of the importance of 

Scientific Methodology/Techniques/History ... 01234 
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EvaiMt* Mch knowMy* mr— in torma of IMPORTANCE for and LEVEL OF UNDERSTANDiNG n««d«d by 
newiy ilc«nt#d (c^rtifM) t«ach«rs of physics coursas if thay ara to parform thair fob in a compatant mannar. 



IMPORTANCE 

(0) Of no importanca 

(1) Of iittia importanca 

(2) Modaralaly important 

(3) Important 

(4) Vary Important 



LEVEL OF UNDERSTANDING 

(0) An undarstanding of tha knowiadga araa is not naadad 

(1) DEFINE tha tarms uaad in tha knowiadga araa 

(2) COMPREHEND tha assantial propartias of tha knowiadga araa 

(3) APPLY/Un t typ tha knowiadga araa to addrass prot>tama or quastions 

(4) ANALYZE tha knowiadga araa Into componant parU and axplain tha 
intarralationships among tha parts 



SCIENTIFIC 

METHODOLOGY/TECHNIQUES/HISTQRY (cont.) 



26. How well do the knowledge areas in section A cover the important aspects of Sciealific 
Methodology/Tcchniques/History? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 



LEVEL OF 

B. BASIC TOPICS IN PHYSICAL SCIENCE IMPORTANCE UNDERSTANDING 

Matter and Energy 
27. Physical and chemical properties (e.g., slates of 





matter, homogeneous, heterogeneous) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


28. 


Particulate nature of matter (e.g., atoms, ions, 
molecules) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


29. 


Elements, compounds, and mixtures 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


30. 


Physical and chemical changes 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


31. 


Conservation of mass/energy 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


32. 


Forms of energy (e.g., kinetic, potential, 
mechanical, sound, magnetic, electrical, light, 
heat, nuclear, chemical) . . . ' 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


33. 


Energy transformations 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


"ieat and Thermodynamics 






















34. 


Historical development of heal and energy 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 
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Evaluate aaeh knowMga araa in tarms of IMPORTANCE for and LEVEL OF UNDERSTANDING naadad by 
nawly licanaad (cartiflad) taachara of physics coursas if thay ara to parform thair job in a compatant mannar. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no importanca (0) An undarstanding of tha knowladga araa is not naaded 

(1) Of littia importanca (1) DEFINE tha tarms usad in tha knowiadga araa 

(2) Modarataly imporUnt (2) COMPREHEND tha aaaantiai propartias of tha knowladga araa 

(3) Important (3) APPLY/UTILIZE tha knowladga araa to addraaa probtams or quastions 

(4) Vary imporUnt (4) ANALYZE tha knowladga araa into componant parU and axplain tha 

intarralatkmships among tha parU 



LEVEL OF 

B. BASIC TOPICS IN PHYSICAL SCIENCE (cent.) IMPORTANCE UNDERSTANDING 

35. Kinetic molecular theory 

36. Equiparlition of energy , 

37. Brownian motion 

38. Heat versus temperature 

39. Temperature scales and measurement 

40. Conduction, convection, and radiation 

41. Heat capacity, thermal exchange, heat of fusion, 
and heat of vaporization 

42. Phase changes 

43. Expansion and contraction 

44. Zeroth law of thermodynamics (i.e., direction of 
heat flow) 

45. First law of thermodynamics (i.e., energy is 
conserved) 

46. Second law of thermodynamics - entropy 

47. Third law of thermodynamics (i.e., the concept 

.of absolute zero temperature) 0 1 234 0 1 2 3 4 

48. Reversibility and irreversibility 0 1 2 3 4 0 1 2 3 4 

Atomic and Nuclear Structure 

49. Historical discovery of particles (e.g., electron, 

neutron) ' 0 1 2 3 4 0 1 2 3 4 

50. Atomic models and their experimental bases 

(Thomson, Rutherford, and Bohr) 0 1 234 0 1 234 

51. Structure of the atom 0 1 2 3 4 0 1 2 3 4 

52. Characteristics of an electron in an atom 

(e.g., shells, orbilals) 0 1 2 3 4 0 1 2 3 4 
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Evaluate —ch l(nowM9« arM in tormt of IMPORTANCE for and LEVEL OF UNDERSTANDING noodod by 
newly licensed (ceriiflod) toachort of phytica coursaa if thay ara to parform thair job in a compatant mannar. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no importanca (0) An undaratanding of tha knowtadga araa ia not naadad 

(1) Of IHlia Importanca (1) DEFINE tha tarma uaad in tha knowladga araa 

(2) Modarataly imporunt (2) COMPREHEND tha aaaantial propartiaa of tha knowtadga araa 

(3) Imporunt (3) APPLY/UTILIZE tha knowladga araa to addraaa prot>lama or quaatlona 

(4) Vary Important (4) ANALYZE tha knowiadga araa into component parta and explain the 

Intarralationahipa among the parta 



LEVEL OF 

B. BASIC TOPICS IN PHYSICAL SCIENCE (cont.) IMPORTANCE UNDERSTANDING 

53. Atomic mass, atomic number, mass number, and 





isotopes 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


54. 


Nuclear forces and binding energy . . . . ; 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


55. 


Types of radioactive decay (e.g., alpha, beta, 
gamma emission) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


56. 


Artificial and natural radioactivity 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


57. 


Half-life of radioactive isotopes 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


58. 


Nuclear reaction (transmutation, fission, 
fusion) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 



59. Overall evaiuatSon of the Importance of Basic 

Topics in Physical Science 0 1 2 3 4 

60. How well do the knowledge areas in section B cover the important aspects of Basic Topics in 
Physical Science? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 



C. MECHANICS 

61. Vector quantities 0 1 2 3 4 0 1 2 3 4 

62. Relationships among position, velocity, 
acceleration, and time for straight line 

motion 0 1 2 3 4 0 1 2 3 4 



ERLC 
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Evaluate #ach know««dga araa In tarmt of IMPORTANCE for and LEVEL OF UNDERSTANDING n«ad«d by 
nawly ilcansad (cartiflad) taachara of phyalct couraat If thay ara to parform thair job In a compatant mannar. 



IMPORTANCE 

(0) Of no knpoftanca 

(1 ) Of Nttia importanca 
<2) Modarataly imporunt 

(3) important 

(4) Vary Important 



LEVEL OF U NDERSTANDING 

(0) An undarttanding of tha knowladga araa is not naadad 

(1) DEFINE tha tarmt uaad In tha knowtadga araa 

(2) COMPREHEND tha aaaantiai propartiat of tha knowladga araa 

(3) APPLY/UTIU2E tha knowladga araa to addratt problamt or quattiona 

(4) ANALYZE tha knowladga araa into componant parU and axplain tha 
Intarraiationahipa among tha parU 



LEVEL OF 

MECHANICS (cont.) IMPORTANCE UNDERSTANDING 

63. Reference frames and relative velocity 

(e.g., Galilean relativity) 01234 01234 

64. Relationships among position, velocity, constant 
acceleration, and time for projectile 

motion 0 1 2 3 4 0 1 2 3 4 

65. Relationships among position, velocity, and 
centripetal acceleration for uniform circular 

motion 0 i 2 3 4 0 1 2 3 4 

66. Periodic motion (e.g., frequency, period, 

amplitude) 0 1 2 3 4 0 1 2 3 4 

67. Simple harmonic motion (oscillations) 01234 01234 

68. Newton*s laws of motion 0 1 2 3 4 0 1 2 3 4 

69. Weight versus mass 0 1 2 3 4 0 1 2 3 4 

70. Friction (e.g., static and dynamic 

coefficients) 0 1 2 3 4 0 1 2 3 4 

71. Statics (e.g., equilibrium of forces and/or 

torques) 0 1 2 3 4 0 1 2 3 4 

72. Relationships between work and kinetic energy 

changes 0 1 2 3 4 0 1 2 3 4 

73. Conservative forces and potential energy 01234 01234 

74. Springs (e.g., Hooke's law, cnerg>' 

considerations) 0 1 2 3 4 0 1 2 3 4 

75. Concepts of rigid body motion (e.g., moment of 
inertia, center of mass, torque, angular 

momentum) 0 1 2 3 4 0 1 2 3 4 

76. Impulse-momentum principle 0 1 2 3 4 0 1 2 3 4 

77. Conservation of momentum (in both clastic and 

inelastic collisions) 0 1 2 3 4 0 1 2 3 4 

78. Conservation of angular momentum 0 1 234 01234 



ERIC 



CblO 



87 



Evaluate aacli knowMg« araa in terms of IMPORTANC E for and LEVEL OF UNDERSTANDING na#d«d by 
n^wly lic«ns«d (c«rtifi«d) taach«rs of physics courses If th«y ar« to perform th«lr job In a comp«um mann«r. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no Importance . (0) An understanding of tha knowMga araa is not naadad 

(1) Of itttla Importance (1) DEFINE tha terms used In tha knowladga araa 

(2) Moderately Imporunt (2) COMPREHEND the essential properties of the knowledge area 

(3) Important (3) APPLY/UTIUZE the knowledge area to address problems or questions 

(4) Very Imponant (4) ANALYZE the knowledge area Into component paru and explain the 

Interrelationships among the parts 



LEVEL OF 

C. MECHANICS (cnnL> IMPORTANCE UNDERSTANDING 

79. Conservation of energy 0 1 23 4 0 1 23 4 

80. Orbital motion (e.g., Copernicus, Galileo, 

Kepler) 0 1 2 3 4 0 1 2 3 4 

81. Newton^s law of universal gravitation 0 1 234 01 234 

82. Fluid mechanics (e.g., PascaFs principle, 
Archimedes' principle, Bernoulli's 

principle) 0 1 2 3 4 0 1 2 3 4 

83. Relativistic effects on length, mass, and lime 

(e.g., Lorentz transformations) 0 1 234 0 1 234 

84. Overall evaluation of the importance of 

Mechanics 0 1 2 3 4 

85. How well do the knowledge areas in section C cover the important aspects of Mechanics? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 



D. ELECTRICITY AND \?AGNEnSM 

86. Electric forces and Coulomb's law 

(e.g., electroscope, pilh ball experiments) 0 1234 01234 

87. Electric fields 0 1 2 3 4 0 1 2 3 4 

88. Gauss\s law 0 1 2 3 4 0 1 2 3 4 
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Evaluate mcIi knowMga «r#« in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING n—dmi by 
n«wly lic«nMKl (cwtifi#d) taach«rs of phyttet courMt If thay ara to parform thair job in a compatant mannar. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no Importenca (0) An undaratending of tha knowiadga araa Is not naadad 

(1) Of Itttta Importenca (1) DEFINE tha terms usad In tha knowiadga araa 

(2) Modarataly importent (2) COMPREHEND tha asaantiai proparttes of tha knowiadga araa 

(3) Importent (3) APPLY/UTILIZE tha knowiadga araa to addrass proMams or quastions 

(4) Vary Importent (4) ANALYZE tha knowiadga araa into componant parte and axplain tha 

intarratetkMiahlps among tha parte 
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LEVEL OF 

D. ELECTRlCnr AND MAGNETISM (cent.) IMPORTANCE ^JNDERSTANDING 

89. Electric potential energy, electric potential, 
and potential difference 

90. Conductors, insulators, semiconductors 

91. Current 

92. Resistance 

93. Series and parallel circuits (e.g.. Ohm's law, 
Kirchhoffs laws) 

94. internal resistance of batteries 

95. Capacitance 0 1 2 3 4 0 1 2 3 4 

%. Inductance 0 1 2 3 4 0 1 2 3 4 

97. Measurement of potential difference, current, 

resistance, and capacitance 0 1 2 3 4 0 1 2 3 4 

98. Alternating current circuits (e.g., average power, 

peak, effective current) ..; 0 1 2 3 4 0 1 2 3 4 

<)9. Magnetic nux 0 1 2 3 4 0 1 2 3 4 

100. Farada/s and Lcnz's laws of electromagnetic 

induction 01234 01234 

101. Transformers . . 0 1 2 3 4 0 1 2 3 4 

102. Sources of EMF (e.g., batteries, photo cells, 

generators) 0 1 2 3 4 0 1 2 3 4 

103. Motors 0 1 2 3 4 0 1 2 3 4 

104. Large scale generation and transmission of 

energy and power 0 1 2 3 4 0 1 2 ^ 4 

105. fi' and /7-type semiconductors 0 1 2 3 4 0 1 2 3 4 

106. Semiconductor devices (e.g., diodes, 

transistors) 0 12 3 4 0 1 2 3 4 

107. Integrated circuits 0 1 2 3 4 0 1 2 3 4 
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Evaluat* ••di knowMgt ar«« in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING n#od«d by 
nawly ilc#ns«d (cartifiad) taachara of physics eoursas if thay ara to parform thair |ob in a compatant mannar. 



IMPORTANCE 

(0) Of no imporunca 

(1) Of littia imporunca 

(2) Modarataiy importtnt 

(3) Important 

(4) Vary important 



LEVEL OF UNDERSTANDING 

(0) An undarstanding of tha icnowtadga araa is not naadad 

(1 ) DEFINE tha farms usad in tha Itnowiadga araa 

(2) COMPREHEND tha assantial propartias of tha itnowladga araa 

(3) APPLY/UnuZE tha i(nowtadga araa to addrass probtams or quastions 

(4) ANALYZE tha Itnowladga araa into componant parts and axplain tha 
intarralationshlps among tha parts 



D. ELECTRICITY AND MAGNETISM (cent) 



IMPORTANCE 



115. Biot-Savart law and Ampere's law (relating 
current to magnetic field) 

116. Maxwell's equations 

117. Lorentz force law and applications (force 
on a charged particle moving in an electric 
and/or a magnetic field; cyclotron; mass 
spectrometry) 



0 12 3 4 
0 12 3 4 



0 12 3 4 



LEVEL OF 
UNDERSTANDING 



108. 


Superconductivity 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


109. 


Magnets 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


110. 


Magnetic fields 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


111. 


Gauss's law of magnetism (nonexistence of 
monopoles) 


0 


1 


2 


3 


4 


0 


1 


2 


3 . 


4 


112. 


Magnetic forces 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


113. 


Principle and calibration of electrical meters 
(e.g., galvanometers, voltmeters, ammeters) . . . 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


114. 


Types of magnetism (e.g., diamagnetism) 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 



0 12 3 4 
0 12 3 4 



0 12 3 4 



1 18. Overall evaluation of the importance of 
Electricity and Magnetism 



0 12 3 4 



119. How well do the knowledge areas in section D cover the important aspects of Electricity and 
Magnetism? 



1 



2 

Poorly 



Very Poorly Poorly Adequately 

What important aspects, if any, arc not covered? 



4 

Well 



Very Well 



ERLC 
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Evduat* —ch knowMg* arM In t*rmt of IMPORTANCE for and LEVEL OF UND ERSTANDiNG nM<M by 
newly l)c«nt«d (c^rtifM) taach«rt of phytict coursM If th«y ara to paHorm thair job In a compatant manner. 



IMPORTANCE 

(0) Of no tmportanca 

(1) Of Ifttia Importance 

(2) Modarataly Important 

(3) Important 

(4) Vary Important 



LEVEL OF UNDERSTANDING 

(0) An undaratanding of the knowladga area la not needed 

(1) DEFINE the terma uaed In the knowledge area 

(2) COMPREHEND the eaaantial propertlea of the knowledge area 

(3) APPLY/UTILIZE the knowledge area to addreaa probtema or questiona 

(4) ANALYZE the knowledge area Into component parte and explain the 
intarrelationahlpa among the paru 



LEVEL OF 

WAVES IMPORTANCE UNDERSTANDING 

120. Wave characteristics (speed, amplitude, 

wavelength, frequency) 0 1 2 3 4 0 1 2 3 4 

121. Inverse square law for intensity 01234 01234 

122. Transverse and longitudinal waves 0 1 234 01 234 

123. Absorption and transmission 0 1 2 3 4 0 1 2 3 4 

124. Reflection 0 1 2 3 4 0 1 2 3 4 

125. Scattering 0 1 2 3 4 0 1 2 3 4 

126. Refraction and Snell's law 0 1 2 3 4 0 1 2 3 4 

127. Interference and superposition of waves 01234 01234 

128. Standing waves 0 1 2 3 4 0 1 2 3 4 

129. Diffraction (Fraunhofcr and Fresnel) 01234 01234 

130. Dispersion 0 1 2 3 4 0 1 2 3 4 

131. Resonance and natural frequencies 0 1 2 3 4. 0 1 2 34 

132. Doppler effect 01234 01234 

133. Characteristics of sound waves (pitch, loudness 

[dB], speed) 0 1 2 3 4 0 1 2 3 4 

134. Sound: air columns and strings (e.g., timbre, 

beats, harmonics) 0 1 234 0 1 234 

135. The electromagnetic spectrum (gamma rays to 

radio waves) 0 1 2 3 4 0 1 2 3 4 

136. Color (addition and subtraction; relationship to 

frequency) . 0 1 2 3 4 0 1 2 3 4 

137. Coherent radiation (sources and special 

properties) 0 1 2 3 4 0 1 2 3 4 

138. Geometric optics (e.g., mirrors, lenses, prisms, 

fiber optics) 0 12 3 4 0 1 2 3 4 



Cb14 



91 



Evaluate •ach knowM9« araa in tarmt of IMPORTANCE for and LEVEL OF UNDERSTANDING na«dad by 
nawly licansad (cartiflad) taachart of physlea eourset if thay ara to parform thair job in a compatant mannar. 



IMPORTANCE 

(0) Of no Importanca 

(1) Of imia importanca 

(2) Modarataly important 

(3) important 

(4) Vary important 



LEVEL OF UNDERSTANDING 

(0) An undarttanding of tha knowladga araa ia not naadad 

(1) DEFINE tha tarma usad In tha knowladga araa 

(2) COMPREHEND tha aaaantlai propartiaa of tha knowladga araa 

(3) APPLY/UTILIZE tha knowladga araa to addraaa problama or quaationa 

(4) ANALYZE tha knowladga araa into componant paru and axptain tha 
intarralationahipa among tha parta 



E. WAVES (cent) IMPORTANCE 

139. Polarbation 0 1 2 3 4 

140. Thin films 0 1 2 3 4 

141. Overall evaluation of the importance of 

Waves 0 1 2 3 4 



LEVEL OF 
UNDERSTANDING 

0 12 3 4 

0 12 3 4 



142. How well do the knowledge areas in section E cover the important aspects of Waves? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 



What important aspects, if any, are not covered? 



F. MODERN PHYSICS 



143. 


Blackbody radiation 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


144. 


Photoelectric effect 


0 


1 


2 


3 


4 


0 


1 


^ 


3 


4 


145. 


Spectroscopy 


0 


I 


2 


3 


4 


0 


1 


2 


3 


4 


146. 


Planck^s hypothesis 


0 


I 




3 


4 


0 


1 


2 


3 


4 


147. 




0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


148. 




0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


149. 


Heiscnbcrg uncertaintv principle 


0 


1 


2 


3 


4 


0 


1 


2 


3 


4 


150. 


Schrodinger's wave equation 


0 


1 


2 


3 


4 


0. 


1 


2 


3 


4 
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Evaluate —tM know««d9« ar«« in tarmt of IMPORTANCE for and LEVEL OF UNDERSTANDiNG n**dod by 
nawly iicans«d <cartifiad) taachars of physict couraat if thay ara to parform thair job in a compatant mannar. 

IMPORTANCE LEVEL OF UNDERSTANDING 

(0) Of no Importanca (0) An undaratanding of tha knowtadga araa ia not naadad 

(1) Of littia impoftanca (1) DEFINE tha tarma uaad in tha knowladga araa 

(2) Modaralaly important (2) COMPREHEND tha aaaantial propartiaa of tha knowtadga araa 

<3) Important (3) APPLY/UTIlgE tha knowtadga araa to addraaa probtama or quaationa 

(4) Vary Important (4) ANALYZE tha knowtadga araa into componant paru and axpSain tha 

intarfalationahlpa among tha paru 



LEVEL OF 

MODERN PHYSICS (cont,) IMPORTANCE UNDERSTANDING 

151. Orbital theory - quantum numbers 01234 01234 

152. Pauli exclusion principle 01 234 01234 

153. Michelson-Morley experiment (ether and (he 

speed of light) ' 0 1 234 0 1 234 

154. Special relativity 0 1 2 3 4 0 1 2 3 4 

155. Lorentz transformations and inertial reference 

frames 0 1 2 3 4 0 1 2 3 4 

156. Mass/energy transformations 0 1 2 3 4 0 1 2 3 4 

157. Elementary particles (e.g., hadrons, leptons) ... 01234 01234 

158. Strong and weak forces 0 1 2 3 4 0 1 2 3 4 

159. Overall evaluation of the importance of Modern 

Physics 0 1 2 3 4 

160. How well do the knowledge areas in section F cover the important aspects of Modern Physics? 

1 2 3 4 5 

Very Poorly Poorly Adequately Well Very Well 

What important aspects, if any, are not covered? 



7' 
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Evatuat* Mch knowMga arM in tarmt of IMPORTANCE for and LEVEL OF UNDERSTANDING n««clad by 
n*w(y »c«na#d (c«rtifi«d) taachars of phytica couraat if thay ara to parform thair Job in a compatant mannar. 



iMPORTANCE 

(0) Of no Importanca 

(1) Of Importanca 
lyiodarataty important 

(3) Important 

(4) Vary Important 



LEVEL OF UNDERSTANDING 

(0) An undaratanding of tha Imowiadga araa la not naadad 

(1) DEFINE tha tarma uaad In tha knowladga araa 

(2) COMPREHEND lha aaaantial propartiaa of tha knowladga araa 

(3) APPLY/UTiLCE tha knowladga araa to addrasa prot>iama or quaationa 

(4) ANALYZE tha knowladga araa into componant parta and axplaln tha 
intarralationahlpa among tlia parta 



SCIENCE, TECHNOLOGY, AND SOCIETY IMPORTANCE 

161. Awareness of ethical and moral responsibilities 

of scientists 0 1 2 3 4 

162. Awareness of ethical issues, risks, and 
benefits associated with the applications of 

science 0 1 2 3 4 

163. Detection of environmental hazards 0 1 2 3 4 

164. Risk management issues associated with energy 

production, transmission, and use 0 1 2 3 4 

165. Risk management issues associated with 
production, storage, use, and disposal of 

consumer products 0 1 2 3 4 

166. Waste management issues and recycling 0 12 3 4 

167. Management of resources (e.g., soil, water, 

metals, fossil fuels) 0 1 2 3 4 

168. Use of science and technology to predict and 

prepare for natural disasters 0 1 2 3 4 

169. Use of technology in everyday life (e.g., lamp, 
smoke detector, TV, computer, internal 

combustion engine) 0 1 2 3 4 

170. Technology transfer (e.g., spin-offs from space 

technology, superconductors) 0 1 2 3 4 

171. Social, political and economic issues arising from 

science and technology 0 1 2 3 4 

172. Overall evaluation of the importance of Science, 

Technology, and Society 0 1 2 3 4 



LEVEL OF 
UNDERSTANDING 

0 12 3 4 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 
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Evaluate —ch knowMg* mr— In terms of IMPORTANCE for and LEVEL OF UN DERSTANDiNG n«od«d by 
nawly licanaad (cartiflad) taachara of physica oouraaa if thay ara to parform thatr job In a compatant mannar. 



IMPORTANCE 

(0) Of no Importanca 

(1) Of littia Importanca 

(2) Modaralaly Important 

(3) Important 

(4) Vary ImporUnt 



LEVEL OF UNDERSTANDING 

(0) An undaratanding of tha knowiadga araa ia not naadad 

(1) DEFINE tha tarma usad In tha knowiadga araa 

(2) COMPREHEND tha aaaantlal propartiaa of tha knowiadga araa 

(3) APPLY/UTILIZE tha knowiadga araa to addraaa problama or quaationa 

(4) ANALYZE tha knowiadga araa Into componant parU and axplain tha 
Intarralationahlpa among tha parts 



G. SCIENCE. TECHNOLOGY- AND SOCIETY (cont.) 



173. How well do the knowledge areas in section G cover the important aspects of Science, 
Technology, and Society? 



1 



2 

Poorly 



Very Poorly Poorly Adequately 

What important aspects, if any, are not covered? 



4 
Well 



Very Well 



H. PEDAGOGY SPECIFIC TO THE PHYSICAL 

SCIENCES IMPORTANCE 

174. Recognition of and compensation for complex 
factors associated with societal and school- 
related issues that may affect the teaching of the 

physical sciences .* 0 1 2 3 4 

175. Recognition of and compensation for complex 
factors associated with societal and school- 
related issues that may affect students' learning 

of the physical sciences 0 1 2 3 4 

Curricuiuro: Organization and Materials 

176. Reasons for learning the physical sciences .... 01234 

177. Reasons for leaching a particular topic in 

physical sciences 0 1 2 3 4 



LEVEL OF 
UNDERSTANDING 



0 12 3 4 

0 12 3 4 

0 12 3 4 

0 12 3 4 
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Evaluate aacli knowMga araa in tarms of IMPORTANCE for and LEVEL OF UNDERSTANDING naadad by 
nawiy licanaad (cartifM) taachars of physics coursas if thay ara to parform thair job in a compatant mannar 



IMPORTANCE 

(0) Of no importanca 

(1) Of IHtia Importanca 

(2) Modarataly important 

(3) Important 

(4) Vary imporUnt 



LEVEL OF UNDERSTANDING 

(0) An undarstanding of tha knowladga araa is not naadad 

(1) DEFINE tha tarms usad In tha knowladga araa 

(2) COMPREHEND tha aasantial propartias of tha knowladga araa 

(3) APPLY/UTILIZE tha knowladga araa to addrass probtams or quastions 

(4) ANALYZE tha knowiadga araa into componant paru and axplain tha 
intarralationahlps among tha parts 



H. PEDAGOGY SPECIFIC TO THE PHYSICAL LEVEL OF 

SCIENCES (cont) IMPORTANCE UNDERSTANDING 

178. Integration within topics in the physical 

sciences 0 1 2 3 4 0 1 2 3 4 

179. Integration among the physical sciences and 

other disciplines 0 1 2 3 4 0 1 2 3 4 

180. Scope and sequence of topics in the physical 
sciences curricula for all students and 

justification for the scope and sequence 01234 01234 

181. Lesson plans in the physical sciences curricula 
for all students and justification for the 

plans 01 2 34 01234 

182. Selection and use of curricular materials and 
resources (e.g., textbooks and other printed 
materials, computer software, laboratory 

materials) for the physical sciences 0 1 23 4 0 1 234 

183. Selection and use of mass media (e.g., film, 
television, video) appropriate for topics* in the 

physical sciences 0 1 2 3 4 0 1 2 3 4 

184. Selection and use of current technologies 
(e.g., computer, videodisc, interactive television, 
video) appropriate for laboratory data collection 
and other instructional purposes in the physical 

sciences 0 1 2 3 4 0 1 2 3 4 

Instructi on 

185. Prerequisite knowledge, experience, and skills 
that students need for various topics in the 

physical sciences 0 1 2 3 4 0 1 2 3 4 

186. Recognition of and accommodation to the 
prior conceptions, experience, and skills that 
students bring to various topics in the physical 

sciences 0 1 2 3 4 0 1 2 3 4 
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Evaluate aach l(nowlaci9a araa in tarma of IMPORTANCE for and LEVEL OF UNDERSTANDING naadad by 
nawiy iicanaad (cartifiad) taachara of phyaica oouraaa if thay ara to parform thair job in a compatant mannar. 



IMPORTANCE 

(0) Of no Importanca 

(1) Of Mttfa imporunca 

(2) Modarataly important 

(3) Important 

(4) Vary important 



LEVEL OF UNDERSTANDING 

(0) An undaratandins of tha knowiadga araa ia not n—d^d 

(1) DEFINE tha tarma uaad in tha knowiadga araa 

(2) COMPREHEND tha aaaantlal propartiaa of tha knowiadga araa 

(3) APPLY/UnUZE tha knowiadga araa to addraaa prol>tama or quaationa 

(4) ANALYZE tha knowiadga araa Into componant parU and axplain tha 
intarralationahlpa among tha parts 



H. PEDAGOGY SPECIFIC TO THE PHYSICAL LEVEL OF 

SCIENCES (cont^ IMPORTANCE UNDERSTANDING 

187. Identification and selection of appropriate lab 
experiences for various instructional goals and 

student learning needs 0 1 2 3 4 0 1 2 3 4 

188. Design of appropriate lab experiences for 
various instructional goals and student learning 

needs 0 1 2 3 4 0 1 2 3 4 

189. I^trategies for motivating and encouraging 

students to succeed in the physical sciences ... 01234 01234 

190. Strategies for addressing controversial and/or 

sensitive issues in the physical sciences 01234 01234 

Assessment and Evaluation 

191. Assessment strategies (e.g., laboratory reports, 
portfolios, observations, oral discussions, written 
tests, performance-based assessments, projects) 
to evaluate student performance in the physical 

sciences 0 1 2 3 4 0 1 2 3 4 

192. Errors in student work and performance that 
arise from prior conceptions about topics in the 

physical sciences 0 1 2 3 4 0 1 2 3 4 

Professional Concerns 

193. Professional and scholarly literature 

(e.g., journals, reference works) appropriate 
for teachers and students in the physical 

sciences 0 1 2 3 4 0 1 2 3 4 

194. Professional and scholarly organizations for 

science educators 0 1 2 3 4 0 1 2 3 4 

195. Legal responsibilities and liabilities for teachers 

in the physical sciences 0 1 2 3 4 0 1 2 3 4 

1%. Responsibilities for continuing education in the 

physical sciences and in science education .... 0 1 2 3 4 0 1 2 3 4 

197. Resources available in the community 0 1234 01234 
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Evaluate Mch knowMga araa in terms of IMPORTANCE for and LEVEL OF UNDERSTANDING no«d«d by 
, nawly tieaAaad (cartiflad) teachara of phyalea couraaa If thay ara to parform thair job In a compatant mannar. 



IMPORTANCE 

(0) Of no Importenca 

(1) Of llttte Importenca 

(2) Modarately Importent 

(3) Importent 

(4) Vary Importent 



LEVEL OF UNDERSTANDING 

(0) An undaratending of tha knowiadga araa la not naadad 

(1) DEFINE tha tarma uaad In tha knowiadga araa 

(2) COMPREHEND tha aaaantial propartiaa of tha knowiadga araa 

(3) APPLY/UTILIZE tha knowiadga araa to addraaa problama or quaationa 

(4) ANALYZE tha knowiadga araa Into componant parte and axptain tha 
Intarratetionahipa among tha parte 



H. PEDAGOGY SPECIFIC TO THE PHYSICAL 
SCIENCES (cont.) 



198. Science-related career information 



IMPORTANCE 

0 12 3 4 



LEVEL OF 
UNDERSTANDING 

0 12 3 4 



199. Overall evaluation of the importance of 
Pedagogy Specific to the Physical Sciences 



0 12 3 4 



200. How well do the knowledge areas in section H cover the important aspects of Pedagogy 
Specific to the Physical Sciences? 



1 



2 

Poorly 



Very Poorly Poorly Adequately 

What important aspects, if any, are not covered? 



4 

WeU 



Very Well 
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PART II - RECOMMENDATIONS FOR TEST CONTENT 



Listed below are eight broad topics tliat may be covered on the new licensing examination for physics. If 
the examination contained 100 questions, how many questions should be included from each topic? If you 
feci a category should not be included in the exam, put 0 in the space provided. Make sure your responses 
sum to 100. 



TOPICS NUMBER OF TEST QUESTIONS 

(out of 100) 

201. SCIENTinC METHODOLOGY/TECHNIOUES/ 

HISTORY 

202. BASIC TOPICS IN PHYSICAL SCIENCE 

203. MECHANICS 

204. ELECTRICITY AND MAGNETISM 

205. WAVES 

206. MODERN PHYSICS ' 

207. SCIENCE, TECHNOLOGY, AND SOCIETY 

208. PEDAGOGY SPECIRC TO THE PHYSICAL SCIENCES 



TOTAL 100 



ERIC 
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PART III • BACKGROUND INFORMATION 



The information that you provide in this section is completely confidential and will be used for research 
purposes only. Please answer the questions by circling the number that most closely describes you or your 
professional activities. Unless otherwise indicated, please circle only one response for each question. 

209. Where do you work? 



1. /MaUdind 


l5i Kpnfiirlrv 


% Ohio 




1Q 1 /Miici5in5i 


37 Oklahoma 


J. Arizona 


jxj* lyiaine 




4. Arkansas 


21. Maryland 


39. Pennsylvania 


5. California 


22. Massachusetts 


40. Puerto Rico 


6. Colorado 


23. Michigan 


41. Rhode Island 


7. Connecticut 


24. Minnesota 


42. South Carolina 


8. Delaware 


25. Mississippi 


43. South Dakota 


9. District of 


26. Missouri 


44. Tennessee 


Columbia 


27. Montana 


45. Texas 


10. Florida 


28. Nebraska 


46. Utah 


11. Georgia 


29. Nevada 


47. Vermont 


12. Hawaii 


30. New Hampshire 


48. Virginia 


13. Idaho 


31. New Jersey 


49. Washington 


14. Illinois 


32. New Mexico 


50. West Virginia 


15. Indiana 


33. New York 


51. Wisconsin 


16. Iowa 


34. North Carolina 


52. Wyoming 


17. Kansas 


35. North Dakota 





210. What is your age? 

1. Under 25 

2. 25-34 

3. 35-44 

4. 45-54 

5. 55-64 

6. Over 64 



211. What is your sex? 

1. Female 

2. Male 



212. Which of the following best describes the area in which you work? 

1. Urban 

2. Suburban 

3. Rural 
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213. 



How do you describe yourself? 



214. 



215. 



216. 



1. Native American, American Indian, or Alaskan Native 

2. Asian American, Asian, Native Hawaiian, or Pacific Islander 

3. African American or Black 

4. Mexican American or Chicano 

5. Puerto Rican 

6. Latin American, South American, Central American, or other Hispanic 



Which of the following best describes your highest educational attainment? 

1. Less than a bachelor's 

2. Bachelor*s 

3. Bachelor*s + additional credits 

4. Master*s 

5. Master*s + additional credits 

6. Doctorate 



Which of the following best describes your current employment status? 

1. Temporary substitute (assigned on a daily basis) 

2. Permanent substitute (assigned on a longer term basis) 

3. Regular teacher (not a substitute) 

4. Principal or assistant principal 

5. School administrator 

6. Curriculum supervisor 

7. State administrator 

8. College faculty 

9. Other (please specify) 

How many years have you taught physics? 

1 . Never taught physics 

2. Less than a year 

3. 1-2 years 

4. 3 - 5 years 

5. 6-10 years 

6. 11 - 15 years 

7. 16-20 years 

8. 21 or more years 



What grade lcvcl(s) arc you currently leaching? (Circle aUlhat apply) 

1. Preschool/Kindergarten 

2. (iradcs 1-4 

3. Grades 5-8 

4. Grades 9-12 

5. College 

6. Do not teach 

7. Other (please specify) 



7. 
8. 



White 
Other 
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218, Which of the following describes your current teaching assignment? (Circle aU that apply)? 



1. Biology 

2. Earth and Space Science 

3. Ecology 

4. General Science 

5. Marine Science 

6. Physical Science 

7. Physics 

8. Chemistry 

9. College 

10. Do not teach 

11. Other (please specify) 

219. Circle the following organizations to which you belong. 

1. American Association of Physics Teachers 

2. American Association for the Advancement of Science 

3. American Chemical Society 

4. American Federation of Teachers 

5. National Association of Biology Teachers 

6. National Association for Research in Science Teaching 

7. National Science Supervisors Association 

8. National Science Teachers Association 

9. National Association for Science, Technology, and Society 

10. National Education Association 

11. Other (please specify) 



THANK YOU FOR COMPLETING THIS INVENTORY. 
PLEASE RETURN IT WITHIN 10 DAYS USING THE ENCLOSED ENVELOPE. 
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Appendix D 

Dal Survey Cover Letter - Chemistry 

Dbl Survey Cover Letter • Physics 



D1 
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Dal Survey Cover Letter - Chemistry 
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EDUCATIONAL, TESTING SERVICE 




PRINCETON. N.J. 08541 



609'92U9000 
609-734- 1090 iFax) 
CABLE'BDUCTBSTSVC 



DIVISION OF APPLIED 
MEASUREMENT RESEARCH 



October 1990 
Dear Colleague: 

1 am writing to ask your cooperation in a project that should be of importance to teachers, 
college faculty, administrators, and other professionals in your field. Educational Testing Service 
(ETS) is in the process of developing a new generation of assessments for the purpose of 
licensing teachers. One type of assessment will be created to measure the prospective teacher's 
subject-matter or specialty-area knowledge and will likely take place upon completion of the 
undergraduate teacher education program. One such assessment is a new version of the NTE 
Chemistry examination. I am asking for your help as we develop this examination. 

As part of the developmental process, ETS has worked closely with an advisory committee of 
classroom teachers, college faculty, and school administrators to identify potentially important 
knowledge and skill areas in chemistry instruction. The enclosed inventory has been constructed 
as a way to obtain your judgments of the importance of these areas for newly licensed (certified) 
chemistry teachers. Your responses and those of other professionals to this inventory will guide 
ihe development of the new examination. 

You will notice that the inventory asks for some background information about you; this is solely 
for purposes of describing respondents. Your answers will be treated in strict confidence. 

A postage-paid envelope is enclosed for the return of your completed inventory. Thank you for 
your participation in this very important project. 

Sincerely, 



Richard Tannenbaum, Ph.D. 
Associate Research Scientist 

Enclosures (2) 
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EDUCATIONAL TESTING SERVICE 



PRINCETON. N.J. 08541 



CABLE-EDUCTESTSVC 



DIVISION OF APPLIED 
MEASUREMENT RESEARCH 



October 1990 
Dear Colleague: 

I am writing to ask your cooperation in a project that should be of importance to teachers, 
college faculty, administrators, and other professionals in the field. Educational Testing Service 
(ETS) is in the process of developing a new generation of assessments for the purpose of 
licensing teachers. One type of assessment will be created to measure the prospective teacher's 
subject-matter or specialty-area knowledge and will likely be administered upon completion of 
the undergraduate teacher education program. One such assessment is a new version of the 
NTE Physics examination. I am asking for your help as we develop this examination. 

As part of the developmental process, ETS has worked closely with an advisory committee of 
classroom teachers, college faculty, and school administrators to identify potentially important 
knowledge and skill areas in physics instruction. The enclosed inventory has been constructed as 
a way to obtain your judgments of the importance of these areas for newly licensed (certified) 
physics teachers. Your responses and those of other professionals to this inventory will guide 
the development of the new examination. 

You will notice that the inventory asks for some background information about you; this is solely 
for purposes o( describing respondents. Your answers will be treated in strict confldence. 

A postage-paid envelope is enclosed for the return of your completed inventory. Thank you for 
your participation in this important project. 

Sincerely, 



Richard Tannenbaum, Ph.D. 
Associate Research Scientist 

Enclosures (2) 
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Number 


Percent 


GEOGRAPHIC REGION 






Northeast 


70 


21.4 


Central 


94 


28.7 


Southern 


76 ' 


23.2 


Far West 


87 


26.6 


Total 


327 




Missing Responses 


2 




AGE (years) 






Under 25 


4 


1.2. 


25 - 34 


('>6 


20.2 


35-44 


79 


24.2 


45 - 54 


118 


36.1 


55-64 


47 


14.4 


Over 64 


13 


4.0 


Total 


327 




Missing Responses 


2 




SEX 






Female 


105 


32.1 


Male 


222 


67.9 


Total. 


327 




Missing Responses 


2 




SCHOOL SETTING 






Urban 


100 


30.8 


Suburban 


142 


43.7 


Rural 


83 


25.5 


Total 


325 




Missing Responses 


4 
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Number 


r CI CCIll 


RACE/ETHNICITY 






Native American 


5 


1.6 


Asian American 


9 


2.8 


Black 


5 


Lo 


Mexican American 


1 


0.3 


Puerto Rican 


1 


0.3 


Hispanic 


1 


0.3 


White 


297 


92.2 


Other 


3 


0.9 


Total 


322 




Missing Responses 


7 




HIGHEST EDUCATIONAL ATTAINMENT 






Less than Bachelor's 


0 


0.0 


Bachelor's 


3 


0.9 


Bachelor's + Credits 


49 


15.0 


Master's 


22 


6.7 


Master's + Credits 


136 


41.7 


Doctorate 


116 


35.6 


Total 


326 




Mis.'iing Responses 


3 




CURRENT EMPLOYMENT STATUS 






Temporary Substitute 


2 


O.o 


Permanent Substitute 


1 


0.3 


Regular Teacher (not a substitute) 


174 


CC 1 


Prmcipal /Assistant Prmcipal 


0 


0.0 


School Adminislrato; 


1 


0.3 


Curriculum Supervisor 


4 


1.3 


State Administrator 


0 


0.0 


College Faculty 


81 


25.6 
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Number 


Percent 


CURRENT EMPLOYMENT STATUS (cent.) 






Other 


53 


16.8 


Total 


316 




Missing Responses 


13 




TEACHING EXPERIENCE (years) 






Never taught 


11 


3.4 


Less than 1 


3 


0.9 


1 -2 


29 


8.9 


3-5 


39 


12.0 


6-10 


51 


15.6 


11 1 ^ 

li - ID 


47 


14.4 


16-20 


43 


13.2 


21 or more 


103 


31.6 


Total 


326 




Missing Responses 


3 




GRADES CURRENTLY TEACHING ' 






Preschool/Kindergarten 


1 


0.2 


Grades 1 - 4 


2 


0.5 


Grades 5 - 8 


19 


5.0 


Ciraaes y - iz 


lOJ 


48.2 


College 


114 


30.0 


Do Not Teach 


29 


7.6 


Other 


32 


8.4 


Total 


380 




CURRENT TEACHING ASSIGNMENT' 






Biology 


35 


5.8 


Earth and Space Science 


17 


2.8 


Ecology 


5 


0.8 



Ea4 
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Number 


Percent 


CURRENT TEACHING ASSIGNMENT (cont.) 






General Science 


19 




Marine Science 


6 




Physical Science 


50 




Physics 


60 


in fi 


Chemistry 


265 




College 


61 


10.1 


Do Not Teach 


30 


5.0 


Other 


55 


O 1 

y.i 


Total 


603 




MEMBERSHIP IN ORGANI21ATIONS' 






American Association of Physics Teachers 


28 




American Association for the Advancement of Science 


56 


o.U 


American Chemical Society 


257 




American Federation of Teachers 


7 


1 n 


National Association of Biology Teachers 


6 


fl Q 
U.o 


National Association for Research in Science Teaching 


6 


0.8 


National Science Supervisors Association 


4 


0.6 


National Science Teachers Association 


126 


17.8 


National Association for vScicncc, Technology, and 
Society 


1 


0.1 


National Educational Association 


107 


15.1 


Other 


110 


15.5 


Total 


708 





NOTT,: MuUiple responses were pcrmiltcd. Hence, ihe loial will exceed 32'; and 100%. 
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Ebl Respondent Demographic • Physics 



Ebl 

114 



Number 


Percent 


GEOGRAPHIC REGION 






Northern 


78 


23.9 


Central 


96 


1>jA 


Southern 


80 


24.5 


Far West 


72 


22.1 


Total 


326 




Missing Responses 


4 




AGE (years) 






Under 25 


2 


0.6 


25-34 


32 


9.8 


35-44 


98 


30.1 


45-54 


131 


40.2 


55-64 


53 


16.3 


Over 64 


10 


3.1 


Total 


326 




Missing Responses 


4 




SEX 






Female 


60 


18.4 


Male 


266 


80.6 


Total 


326 




Missing Responses 


4 




SCHOOL SETTING 






Urban 


80 


2j.1 


Suburban 


126 


39o 


Rural 


113 


35.4 


Total 


319 




Missing Responses 


11 
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Number 


rcrceni 


RACE/ETHNICITY 






Native American 


9 




Asian American 


9 


o 


Black 


2 


U.O 


Mexican American 


0 


U.U 


Puerto Rican 


0 


U.U 


Hispanic 


3 


U.y 


White 


292 


9L3 


Other 


5 


1.6' 


Total 


320 




Missing Responses 


10 




HIGHEST EDUCATIONAL ATTAINMENT 






Less than Bachelor's 


0 


0.0 


Bachelor's 


3 


o.y 


Bachelor's + Credits 


46 


14.2 


Master's 


13 


4.0 


Master's + Credits 


168 


51.7 


Doctorate 


95 


29.2 


Total 


325 




Missing Responses 


5 




CURRENT EMPLOYMENT STATUS 






Temporary Substitute 


0 


U.U 


Permanent Substitute 


2 


0.0 


Regular Teacher (not a substitute) 


189 




Principal/Assistant Principal 


3 


U.V 


School Administrator 


3 


U.V 


Curriculum Supervisor 


8 


2.5 


State Administrator 


0 


0.0 


College Faculty 


95 


29.7 



Eb3 
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Number 


1 crceni 


CURRENT EMPLOYMENT STATUS (cont.) 






Other 


20 


63 


Total 


320 




Missing Responses 


10 




TEACHING EXPERIENCE (years) 






Never taught 


5 


1 


Less than 1 


2 


U.O 


1-2 


9 


2.0 


3 - 5 


36 


111 
11.1 


6 - 10 


56 




11 - 15 


43 


111 

13.3 


16-20 


59 


1Q O 


21 or more 


114 


35.2 


Total 


324 




Missing Responses 


6 




GRADES CURRENTLY TEACHING ^ 






Preschool /Kindergarten 


1 


U.3 


uradcs 1-4 


2 


U.O 


Grades 5-8 


11 


1 1 


Grades 9-12 


194 


54.0 


College 


121 


33.7 


Do Not Teach 


12 


3.3 


Other 


18 


5.0 


1 otal 


359 




CURRENT TEACHING ASSIGNMENT 






Biology 


11 


1 7 
1./ 


Earth and Space Science 


22 


3.4 


Ecology 


7 


1.1 



Eb4 
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Number 


Percent 


CURRENT TEACHING ASSIGNMENT (cont.) 






General Science 


18 


2.8 


Marine Science 


4 


0.6 


Physical Science 


70 


10.8 


Physics 


280 


43.3 


Chemistry 


80 


12.4 


College 


53 


8.2 


Do Not Teach 


12 


1.9 


Other 


89 


13.8 


Total 


646 




MEMBERSHIP IN ORGANIZATIONS' 






American Association of Physics Teachers 


258 


36.8 


American Association for the Advancement of Science 


21 


3.0 


American Chemical Society 


28 


4.0 


American Federation of Teachers 


19 


2.7 


National Association of Biology Teachers 


6 


0.9 


National Association for Research in Science Teaching 


2 


03 


National Science Supervisors Association 


13 


1.9 


National Science Teachers Association 


123 


17.5 


National Association for Science, Technology, and 
Society 


5 


0.7 


National Educational Association 


114 


16.2 


Other 


113 


16.1 


Total 


702 





ERIC 
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Appendix F 



Mean Importance Ratings by Teachers and Teacher Educators 
Chemistry 



Mean Importance Ratings by Teachers and Teacher Educators 
Physics 
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Fal Mean Importance Ratings by Teachers and Teacher Educators • 
Chemistry 
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TEACHERS 
N = 175 


TEACHER 
EDUCATORS 
N 81 






Mean 


SD 


Mean 


SD 


A. sciEimnc METHODOCjOGY/THCHNIQUES/HISTORY 










Methodolooy 










1. 


Scientific methods (e.g., formulation of problem, hypotheses, experiments) 


3.53 


0.68 


3.44 


0.72 


2. 


Science process skills (e.g., qualitative and quantitative observations) 


3.62 


0.60 


3.40 


0.66 


3. 


Assumptions, models, laws, end theories 


3.36 


0.67 


3.21 


0.75 


4. 


Design of experiments (e.g.. Independent and dependent variables) 


3.29 


0.81 


2.96 


0.89 


History and Phllosophv of Sclenc* 










5. 


Historical roots of science 


2.26 


0.79 


2.23 


0.83 


6. 


Contributions of individuals 


2.18 


0.79 


2.10 


0.85 


7. 


Contributions of ethnic groups and cultures 


1.73 


0.87 


1.27 


0.94 


Mathematics. Measurement and Date Manipulation 










8. 


The metric and SI systems 


3,73 


0.55 


3.57 


0.63 


9. 


Scientific notation 


3.64 


0.63 


3.49 


0.69 


10. 


Estimation and approximation 


3.11 


0.81 


3.07 


0.83 


11. 


Significant figures In measurement and calculations 


3.30 


0.81 


3.22 


0.87 


12. 


Unlt/dlmensionai analysis 


3.56 


0.74 


3.25 


0.92 


13. 


Experimental errors (e.g., sources, quantifications, precision, accuracy) 


3.10 


0.74 


2.79 


0.79 


14. 


Mathematical relationships and patterns in numerical data 


3.17 


0.74 


2.83 


0.86 


15. 


SUtistics of distributions 


2.01 


0.90 


1.99 


0.83 


16. 


Simple digital (binary) logic 


1.56 


1.09 


1.57 


0.86 


17. 


Organization and Interpretation of data and equations 


3.40 


0.67 


3.08 


0.82 


18. 


Differentiation and simple Integration 


1.53 


1.01 


1.81 


0.95 


Laboratory and Safety 










19. 


Use and calibration of laboratory equipment (e.g., laboratory burners) 


3.60 


0.65 


3.24 


0.81 


20. 


Maintenance of laboratory equipment (e.g., laboratory burners, glassware) 


3.16 


0.86 


2.73 


0.91 


21. 


Preparation and set-up of reagents, materials, and apparatus 


3.73 


0.64 


3.22 


0.78 


22. 


Laboratory safety (e.g., storage and disposal of materials) 


3.90 


0.32 


3.71 


0.58 


23. 


Emergency procedures for laboratory accidents 


3.86 


0.38 


3.63 


0.58 


a BASIC TOPICS IN PHYSICAL SaENCE 










Matter and Hnerav 










26. 


Physical and chemical properties (e.g., homogeneous, heterogeneous) 


3.32 


0.71 


3.36 


0.74 


27. 


Particulate nature of matter (e.g., atoms, Ions, molecules) 


3.72 


0.52 


3.64 


0.56 
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TEACHERS 
N = 175 


TEACHER 
EDUCATORS 
N « 81 






Mean 


SD 


Mean 


SD 


BASIC TOI^ IN PHYSICAL SCtENCE (oont) 










2$. 


Elamania, oompouiMla, and mikturaa 


3.65 


0.58 


3.58 


0.61 


29. 


Phyalcal and ehamical changaa 


3.54 


0.65 


3.47 


0.70 


30. 


ConaafvatkMi of maaa/anargy 


3.49 


0.63 


3.34 


0.79 


31. 


Forma of anargy (a.g., klnatie, sound, ntagnatic, alactrlcal, light) 


3.05 


0.79 


2.97 


0.89 


32. 


Enargy traitaformationa 


3.00 


0.82 


2.78 


0.82 


Heat and Tbermodvnamtcs 










<^«#. 




1.92 


0.82 


1.82 


0.85 


34. 


Klnatie molacular thaory 


3.37 


0.76 


2.64 


0.87 


35. 


Brownian motion 


2.28 


0.95 


2.01 


0.77 


36. 


Haat varaua tamparatura 


3.20 


0.80 


3.02 


0.76 


37. 


Tamparatura aoaiaa and maaauramant 


3.26 


0.74 


2.90 


0.80 


38. 


Conduction, convaction, and radlatkm 


2.42 


0.98 


2.26 


0.95 


39. 


Haat capacity, tharmat axchanga, haat of fusion, and haat of vaporization 


3.00 


0.76 


2.77 


0.69 


40. 


Concapta of anthalpy and antropy 


3.05 


0.85 


2.70 


0J3 


41. 


Phaaachangaa 


3.34 


0.67 


2.84 


0.75 


42. 


Expanaion and contraction 


2.51 


0.95 


2.14 


0.87 


43. 


Zaroth taw of tharmodynamlcs 0*a., diraction of haat flow) 


2.59 


1.00 


2.59 


0.91 


44. 


FIrat taw of tharmodynamica (l.a., anargy la consarvad) 


3.10 


0.89 


3.15 


0.85 


45. 


Sacond law of tharmodynamica • antropy 


2.86 


0.93 


2.88 


0.91 


46. 


Third taw of tfiarmodynamlcs (l.a., concapt of absoluta zero temperature) 


2.89 


0.91 


2.46 


0.90 


47. 


ReverslbilHy and IrravarslbilHy 


2.73 


0.92 


2.55 


0.99 


Atomic and Nuctaar Structura 










48. 


Historical discovery of partlclaa <a.9., electron, neutron) 


2.55 


0.91 


2.12 


0.87 


49. 


Atomic modala and their experimental bates 


3.02 


0.83 


2.43 


0.95 


50. 


Structure of the atom 


3.69 


0.58 


3.49 


0.83 


51. 


Planck's hypothesis 


2.60 


0.83 


2.52 


1.13 


52. 


deBroglia'a hypottieala 


2.46 


0.84 


2.31 


1.09 


S3. 


Heiaent>arg uncertainty principle 


2.57 


0.93 


2.30 


1.10 


54. 


Schrddlnger'a wave e<)uation 


2.14 


1.05 


1.78 


1.15 


55. 


Orbital theory - quantum numt>era 


3.10 


045 


2.61 


1.07 


56. 


Characteriatica of an electron In an atom (e.g., shells, orbitals) 


3.52 


0.61 


3.22 


0.76 


57. 


Properties of electromagnetic radiation 


2.87 


0.92 


2.73 


0.87 
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TEACHERS 
N = 175 


TEACHER 
EDUCATORS 
N s 81 






Mean 


SD 


Mean 


SD 


B. BASIC TOPICS IN PHYSICAL SCtBiCC(oont) 










58. 


Spectroscopy 


2.64 


0.84 


2.53 


0.94 


59. 


Paul! •xclusion principle 


2.85 


0.95 


2.68 


1.00 


60. 


Hund't rule 


2.76 


0.96 


2.51 


0.99 


61. 


Chemicat properties related to electron configuration 


3.72 


0.55 


3.51 


0.69 


62. 


Atomic mass, atomic number, mass number and isotopes 


3.74 


0.52 


3.49 


0.73 


63. 


Nuclear forces and binding energy 


2.61 


0.95 


2.19 


1.02 


64. 


Mass/energy tranaformation 


2.63 


0.91 


2.20 


0.93 


65. 


Types of radioactive decay (e.g., alpha, beta, gamma emission) 


2.74 


0.93 


2.46 


0.91 


66. 


Artificial and natural radioactivity 


2.49 


0.96 


2.21 


0.98 


67. 


Half-life of radioactive Isotopes 


2.59 


0.98 


2.31 


0.93 


68. 


Nuclear reactions (transmutations, fission, fusion) 


2.61 


1.01 


2.30 


0.93 


a CHEMICAL PCniODICnY 










71. 


The development of the periodic table 


2.94 


0.90 


2.41 


1.00 


72. 


The position of metals, nonmetala, and metalloids 


3.59 


0.62 


3.20 


0.78 


73. 


Trenda in melting and boiling temperatures 


2.75 


0.85 


2.29 


1.00 


74. 


Trends In atomic radil/lonlzation energy/electron affinity/ electronegativity 


3.18 


0.79 


2.77 


0.93 


75. 


Relationship of period table to electron configurations of the atoms 


3.65 


0.61 


3.41 


0.75 


76. 


Oxidation numbers for elements In a compound 


3.58 


0.62 


3.02 


0.77 


77. 


Periodicity of the oxidation states of the elements. 


3.26 


0.81 


2.83 


0.86 


78. 


Chemical properties/reactions of elements as reflected by positions in 
periodic Ubie 


3.60 


0.62 


3.41 


. 0.65 


D. NOMENCLATURE 










81. 


Inorganic nomenclature of Ionic compounds and acids 


3.40 


0.70 


2.91 


0.90 


82. 


Nomenclature of the classes or organic compounds 


2.49 


0.86 


2.49 


0.89 


E. THE MOLE, CHEMICAL BONDING, AND MOi£CULAR GEOMETRY 










85. 


Mole concept and mass*mole-number relationships 


3.82 


0.45 


3.71 


0.53 


86. 


Information conveyed by a chemical formula 


3.78 


0.45 


3.71 


0.53 


87. 


Law of constant composition and law of multiple proportions 


3.19 


0.76 


2.89 


1.00 


88. 


Percent composition of elements In a compound 


3.32 


0.74 


2.90 


0.89 


89. 


Information conveyed by empirical and molecular formulas 


3.46 


0.65 


3.24 


0.79 


90. 


Ionic, covalent, and metallic bonds 


3.52 


0.61 


3.31 


0.79 


91. 


Rules for calculating oxidation numbers of atoms in a compound 


3.31 


0.78 


2.82 


0.86 
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BEST COPY AVAILABLE 







TEACHERS 
N « 175 


TEACHER 
EDUCATORS 

N ::: 81 






Mean 


SD 


Mean 


SD 


THE MOLE, CHEMICAL BONDING, AND MOLECULAR GEOMETRY (oont) 










9Z 


Electron dot formuUit end etructurei formutee 


3.34 


0.69 


2.99 


0.90 


93. 


Multiple bonde 


2.99 


0.84 


2.96 


0.82 


94. 


Typee of l)ondbH| related to electronegativity differencet 


3.13 


0.82 


2.87 


0.77 


95. 


Valence ehell electron pair repulekm nH>del for molecular thapet (VSEPR) 


2.62 


1.02 


2.65 


0.95 


96. 


Simple etructuree of leomere 


2.66 


0.90 


2.72 


0.75 


97. 


Chemical/phyelcal propertlet of compounds 


2.78 


0.87 


2.89 


0.80 


98. 


HytKid orbltalft 


2.46 


1.00 


2.46 


0.96 


99. 


Resonance and delocallrafk>n 


2.27 


0.96 


2.43 


0.93 


The Kinetic Theory end SUtee of Metter 










100. 


Assumptlone of th« kinetic molecular theory of gases 


3.35 


0.75 


2.85 


0.92 


101. 


MaxweU-Blotzmann velocity distributions 


2.00 


0.96 


2.01 


0.93 


102. 


Diffusion of gas#s 


2.78 


0.80 


2.47 


0.85 


103. 


Rel. among volume, pressure, temperature, and quantity for Ideal gases 


3.67 


0.59 


3.34 


0.70 


104. 


DaKon's law of partial pressures 


3.25 


0.76 


3.00 


0.72 


105. 


Real versus Ideal oases 


2.91 


0.87 


2.46 


0.84 


106. 


Forces of attraction among molecules 


2.95 


0.83 


3.04 


0.85 


107. 


Phase changes for a pure subsunce 


2.86 


0.88 


2.66 


0.87 


108. 


Rel. among evaporation rate, boiling temperature, and vapor pressure 


2.86 


0.81 


2.61 


0.87 


109. 


Special properties of water (e.g.. density of sdld versus liquid) 


3.00 


0.80 


2.99 


0.74 


110. 


Rel. among phases of matter, forces between particles and particle energy 


2.75 


0.86 


2.33 


0.81 


111. 


Characteristics of crystals 


2.22 


0.89 


1.94 


0.81 


Chemicei Reectione 










112. 


Equation balancing from written descriptions of chemical reactions 


3.73 


0.49 


3.41 


0.71 


113. 


General types of chemical reactions 


3.49 


0.68 


2.86 


0.98 


114. 


Stolchiometry 


3.70 


0.56 


3.62 


0.61 


115. 


Endothermic and exothermic reactions 


3.32 


0.71 


2.95 


0.78 


116. 


SponUnelty in chemical reactions 


2.58 


0.85 


2.48 


1.00 


117. 


Collision theory and reaction rates 


2.87 


0.86 


2.29 


0.99 


118. 


Activation energy and the effects of a cauiyst 


2.96 


0.79 


2.63 


0.90 


119. 


Rate-Influencing factors in chemical reactions 


3.19 


0.76 


2.96 


0.80 


120. 


Rate expressions and orders of reactions 


2.48 


0.84 


2.25 


0.95 


121. 


Reaction mechanisms 


2.40 


0.91 


2.03 


1.03 

1 
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TEACHERS 
N 175 


TEACHER 
EDUCATORS 
N « 81 






Mean 


SD 


Mean 


en 


E. THE MOLE, CHEHiCAL BONDING, AND MOLECULAR GEOMETHY (cent) 










122. 


Ch«mic«l •qulilbrla 


3.25 


0.78 


3.25 


0.84 


123. 


L« ChAt«li«r't principle and factors that disturb th« •quiiibrium of systems 


3.35 


0.75 


3.18 


0.83 


124. 


Prop«rtiM and production of ammonia <«.9., tho Habor aquitibrium) 


2.11 


1.01 


1.71 


0.82 


125. 


OxidatkMi and reduction reactions 


3.34 


0.69 


3.18 


0.80 


126. 


Eloctrochomicat c#lls and atactroda raactions 


2.89 


0.84 


2.71 


0.80 


127. 


Mataltur9icat propartias of tha transition matals 


1.97 


0.93 


1.63 


0.85 


128. 


Radox propartiaa of tha halogans and tha hallda Ions 


2.28 


0.99 


2.14 


0.84 


129. 


Faraday's lawa of alactrolysls 


2.27 


0.95 


2.33 


0.96 


130. 


Practical applications of alactrochamistry (e.g., alacUoplating, pH meter) 


2.57 


0.90 


2.50 


0.76 


Solutions and Solubiiitv 










131. 


Types of solutions (e.g., soltd-solld, solld*liquid, liquid-gas) 


3.00 


0.89 


2.48 


0.78 


i32. 


Solutes, solvantd and solubility 


3.38 


0.68 


2.99 


0.67 


133. 


Effects of temperature and pressure on solubility 


3.16 


0.80 


2.63 


0.80 


134. 


Disso^dng process 


3.08 


0.77 


2.51 


0J7 . 


135. 


Solubility product (K 


2.88 


0.87 


2.48 


0.80 


136. 


Concentration of solutea (e.g., dilute, concentrated, saturated; molarity) 


3.50 


0.65 


3.26 


0.82 


137. 


Conductivity of solutions and the ionization process 


2.99 


0.81 


2.70 


0.82 


138. 


Strong and wealc electrolytes; non-electrolytes 


3.10 


0.81 


2.83 


0.81 


139. 


Colllgative properties of solutions 


2.76 


0.93 


2.59 


0.91 


140. 


Characteristics of properties of acids, bases, and salts 


3.63 


0.56 


3.58 


0.59 


141. 


Arrhenius, Bransted-Lowery, and Lewis acid-base theories 


3.13 


0.88 


3.06 


0.88 


142. 


pH of solutions of strong and wealc acids and bases 


3.39 


0.75 


3.31 


0.76 


143. 


Relative strengths of acids and bases 


3.20 


0.74 


3.10 


0.82 


144. 


Production, properties, and use of the common acids 


2.29 


0.94 


2.26 


0.96 


145. 


Acld*base titration and Indicators 


3.24 


0.75 


2.99 


0.90 


146. 


Buffer solutions 


2.70 


0.84 


3.01 


0.77 


F. BIOCHEWSmY 










149. 


Organic functional groups and their reactions 


2.53 


0.97 


2.63 


0.91 


150. 


Monomers and polymers 


2.37 


0.95 


2.56 


0.92 


151. 


Biologically Important compounds (e.g., carbohydrates, amino acids,) 


2.49 


0.9S 


2.65 


0.91 


152. 


Biologically Important chemical processes (e.g., biolumintscence) 


2.28 


1.02 


2.32 


0.92 
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SD 
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R BIOCHElilSTHV(ooni) 










153. 


Structure and replication of nuclalc acldt 


2.04 


1.11 


2.19 


0.99 


154. 


Energy ttorago and raloaao In t>lolo9ical tyttomt 


2.09 


1.10 


2.09 


0.98 


a SOENCC^lECHNOljOGY.ANDSOaErr 










157. 


Awaronoaa of othlcal and moral raapontlbllltlot of tciontitta 


3.05 


0.93 


2.86 


0.97 


158. 


Awaranoaa of othical Issuoa/rltkt/bonoflts assoc. w/applicatlon of tcisnce 


3.06 


0.95 


2.85 


0.90 


159. 


Dotocticn of snvlronmontal hazards 


3.10 


0.81 


2.51 


1.06 


160. 


Risk mgmt Issuoa assoc. wHh onorgy production, transmission, and ut« 


2.69 


1.02 


2.28 


0.95 


161. 


Risk mgmt Issuss assoc. w/productlon/storago/uss/disposal of products 


2.97 


0.91 


2.45 


0.99 


162. 


Wasts managomont Issuss and rscycling 


2.99 


0.94 


2.46 


0.92 


163. 


Managomsnt of rssourcos (e.g., soli, watsr, mstals, and fossil fuels) 


2.92 


0.97 


2.46 


1.10 


164. 


Uso of sclenco and technology to predict and prepare for natural disasters 


2.31 


1.03 


1.77 


0.97 


165. 


Use of technology In everyday life (e.g., smoke detector, TV, computer) 


2.74 


0.98 


2.52 


1.00 


166. 


Technology transfer (e.g., spin-offs from spac« technology,) 


2.41 


0.95 


1.89 


0.99 


167. 


Issues assoc. wHh use of chemlcais In agriculture/food prep./preservatlon 


2,67 


0.93 


2.41 


OM 


166. 


Social, political, and economic issues arising from science and technology 


2.67 


0.94 


2.31 


1.09 


K PEDAGOGY SPEOHC TO TIC IH1YSICAL SCIENCE 










171. 


Recognition of and compensation for complex factors associated with 
societal and school-related Issues that may affect the teachino of the 
physical sciences 


Z.05 


0.94 






172. 


Recognition of and compensation for complex factors associated with 
societal and school-related Issues that mav affect student's learnlna of the 
physical sciences 


2.91 


0.95 


2.70 


1.05 


Curriculum: Oraanizatlon and Matorialt 










173. 


Reasons for learning the physical sciences 


3.22 


0.79 


2.94 


0.89 


174. 


Reasons for teaching a particular topic in the physical sciences 


3.19 


0.76 


2.78 


0.92 


175. 


Integration wHhln topics In the physical sciences 


3.24 


0.77 


2.94 


0.71 


176. 


Integration among the physical sciences and other dlscipiines 


3.09 


0.83 


2.75 


0.7o 


177. 


Scope and sequence of topics In the physical sciences curricula for ail 
students and lustiftcation for the scope and sequence 


2.96 


0.85 


2.49 


0.80 


17$. 


Lesson plans In the physical sciences curricula for all studenU, 
justification for the plans 


2.86 


0.97 


2.30 


1.02 


179. 


Selection and use of currtcular materials and resources (e.g., textbooks, 
and other printed materials, computer software, laboratory materials) for 
the physical sciences 


3.14 


0.90 


3.00 


0.78 
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PEDAGOGY SPECSHC TO THE PHYSICAL SOENCES (coot) 










180. 


Selectlofi/use of mass media (e.9., film) appropriate for topics In the 
physical sciences 


2.70 


0.90 


2.21 


0.95 


181. 


Selection and use of current technologies (e.9., computer, videodisc, 
interactive television, video) appropriate for laboratory data collection and 
other Instructional purposes In the physical sciences 


2.89 


0.92 


2.50 


0.89 


Instruction 










182. 


Prerequisite icnowiedge/experience/sidils that students need for the 
physical sciences 


3.14 


0.76 


3.04 


0.79 


183. 


Recognition of and accommodation to the prior conceptions, experience, 
and 9k\\\% that students bring to various topics In the physical sciences 


3.05 


0.78 


2.82 


0.78 


184. 


Identification and selection of appropriate lab experiences for various 
instructional goals and student learning needs 


3.52 


0.63 


3.14 


0.74 


185. 


Design of appropriate tab experiences for various instructional goals and 
student learning needs 


3.40 


0.78 


3.01 


O.OI 


186. 


Strategies for motivating and encouraging students to succeed In the 
physical sciences 


3.46 


0.64 


3.36 


0.70 


187. 


Strategies for addressing controversial and/or sensitive issues in the 
physical sciences 


2.95 


0.87 


2.78 


0.87 


Assessment and Evaluation 










188. 


Assessment strateglea (e.g., laboratory reports, portfolios, observations, 
oral dlscusslona, written tests, performanc*-based assessments, projects) 
to evaluate atudent performance In the physical sciences 


3.44 


0.63 


3.06 


0.76 


189. 


Errors In student worlc/performance from prior conceptions about the 
physical sciences 


2.80 


0.91 


2.65 


0.89 


Professional Concerns 










190. 


Professional and scholarly literature (e.g., journals, reference works) 
appropriate for teachers and students In the physical sciences 


2.83 


0.86 


2.81 


0.77 


191. 


Professional and scholarly organizations for science educators 


2.80 


0.86 


2.65 


0.88 


192. 


Legal responslbilities/llablilties for teachers In the physical sciences 


3.49 


0.66 


2.71 


0.99 


193. 


Responsibilities for continuing education In the physical sciences/in 
science education 


3.18 


0.76 


2.81 


0.99 


194. 


Resources available In the community 


2.95 


0.81 


2.74 


0.80 


195. 


Science-related career Information 


2.84 


0.86 


2.83 


0.83 
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TEACHERS 
N = 191 


TEACHER 
EDUCATORS 
N s 95 






Moan 


SD 


Mean 


SD 


SCIEimnC MET>K)OOiJOGY/TECHNlQUES/HISTORY 










Methodotoav 










1. 


Scientific methods (e.9., hypotheses, experiments) 


3.40 


0.77 


3.29 


A OM 

U.o4 


2. 


Science process skills 


3.45 


0.71 




n AO 
u.ov 


3. 


Assumptions, models, laws, and theories 


3.19 


0.78 


3.12 


A OA 

O.oU 


4. 


Design of experiments (e.9., Independent and dependent variables) 


3.20 


0.88 


0 A4 

3.01 


n flo 

U.M 


History and Philosophy of Science 










S. 


Historical roots of science 


2.32 


0.01 


2.49 


n 00 


6. 


Contributions of Individuals 


2.27 


0.75 


2.1 0 


n OA. 
U.o4 


7. 


Contributions of ethnic groups and cultures 


I.7Z 


U.9U 






Mathematics. Maasurement^ and Data Manipulation 










8. 


The metric and SI systems 


3.7o 


A AT 

0.47 




n Aft 


9. 


Scientific notation 


3.65 


0.59 


3.57 


A 


10. 


Estimation and approximation 


0.1/ 


U.oU 


1 on 


U.09 


11. 


Significant figures In measurement and calculations 




n fin 
U.oU 


0 OA 


v.ov 


12. 


Unit/dlmensional analysis 


*X Afi 
o.*fO 


n Aft 




0.71 


13. 


Experimental errors (e.g., quantifications, precision, accuracy) 




U.OU 




n 7Q 


14. 


Mathematical relationships and patterns in numerical data 




u./ / 






15. 


Statistics of distributions 




n fin 

U.OU 


0 nA 




16. 


Simple dIgiUI (binary) logic 


l.f 0 




1 *iA 
I «90 


0.89 


17. 


Organization and Interpretation of data and equations 




u.bo 




0 ftA 


18. 


Differentiation and simple Integration 


0 11 






1 02 


19. 


Vector algebra 


3.24 


0.88 


3.05 


0.86 


Laboratory and Safety 










20. 


Use and calibration of laboratory equipment (e.g., balances,) 


3.22 


0.80 


3.14 


0.85 


21. 


Maintenance of laboratory equipment (e.g., balances, glassware) 


2.71 


0.99 


2.66 


0.89 


22. 


Preparation and set-up of reagents, materials, and apparatus 


3.33 


0.80 


3,16 


0.83 


23. 


Laboratory safety (e.g., storage and disposal of materials) 


3.50 


0.77 


3.27 


0.80 


24. 


Emergency procedures for laboratory accidents 


3.62 


0.70 


3.21 


0.89 
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TEACHER 
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Mean 


SO 
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SD 


BASIC TOPICS IN PHYSICAL SCIENCE 










Matter and Enarov 










27. 


Physical and chemical properties 


2.84 


0.90 


2.76 


0.91 


28. 


Particulate nature of matter (e.g., atoms, Ions, molecules) 


3.20 


0.78 


3.16 


0.75 


29. 


Elements, compounds, and mixturea 


2.79 


0.95 


2.74 


0«$8 


30. 


Physical and chemical changes 


2.90 


0.94 


2.72 


0.96 


31. 


Conservation of mass/energy 


3.65 


0.58 


3.59 


0.66 


32. 


Forms of energy (e.g., kinetic, potential, magnetic, electricat, light) 


3.68 


0.55 


3.60 


0.59 


33. 


Energy transformations 


3.55 


0.62 


3.46 


0.68 


Heat and ThermodYnamlct 










34. 


Historical development of heat and energy 


2.14 


0.80 


1.93 


0.76 


35. 


Kinetic molecular theory 


3.03 


0.85 


2.52 


0.85 


36. 


Equipartition of energy 


2.32 


0.99 


2.06 


0.86 


37. 


Brownian motion 


2.24 


0.86 


1.99 


0.87 


38. 


Heat versus temperature 


3.30 


0.75 


3.34 


0.73 


39. 


Temperature scalea and measurement 


3.11 


0.62 


2.94 


0.79 


40. 


Conduction, convection, and radiation 


2.99 


0.80 


2.93 


0.71 


41. 


Heat capacity, tiiermai exch., heat of fusion, and heat of vaporization 


3.14 


0.79 


2.99 


0.75 


42. 


Phase changea 


3.13 


0.78 


2.83 


0.79 


43. 


Expansion and contraction 


2.91 


0.82 


2.67 


0.79 


44. 


Zeroth law of ttiermodynamlcs (I.e., direction of heat flow) 


2.89 


0.86 


2.98 


0.85 


45. 


First law of thermodynamics (I.e., energy Is conserved) 


3.36 


0.76 


3.46 


0.76 


46. 


Second law of thermodynamics • entropy 


2.97 


0.88 


3.03 


0.89 


47. 


Third law of thermodynamics 


2.94 


0.90 


2.47 


0.84 


48. 


Reversibility and irreversibility 


2.47 


0.90 


2.36 


0.95 


Atomic and Nuclear Structure 










49. 


Historical discovery of particles (e.g., electron, neutron) 


2.33 


0.83 


2.19 


0.82 


50. 


Atomic models and their experimental bases 


2.68 


0.86 


2.85 


0.70 


51. 


Structure of the atom 


3.19 


0.78 


3.40 


0.61 


52. 


Characteristica of an electron in an atom (e.g., shells, orbitals) 


2.94 


0.91 


2.87 


0.82 


53. 


Atomic mass, atomic number, mass number and isotopes 


3.00 


0.93 


3.03 


0.79 


54. 


Nuclear forces arui binding energy 


2.80 


0.89 


2.65 


0.86 


55. 


Types of radioactive decay (e.g., alpha, beta, gamma emission) 


2.91 


0.87 


2.92 


0.84 
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a BASIC TOfHCS IN iniVSICALSClEIICC(cociL) 










56. 


Artificial and natural radioactivity 




0 Q9 


2.71 


0.92 


57. 


HaiHifa of radioactiva Isotopas 


9 ftl 




9 &1 




58. 


Nuclaar raactlona (transmutations, fission, fusion) 


m.*9^ 


n AA 


2.78 


0.75 


a MECHANICS 










61. 


Vector quantltlaa 




n A<x 




n A9 


62. 


Rai. among poaltk>n/vatocity/accalaratk>n/tjma straigiit lina motion 


1 ftl 




o.oo 


n sa 


63. 


Rafaranca framaa and ralativa velocity (e.g., Galllaan raiativity) 


*x no 




9 SO 


0.87 


64. 


Rai. posltion/valoclty/constant accaiaration/tlma for projactila motion 




0.63 


3.24 


0.77 


65. 


Ral. posltion/vaioclty/cantripatal accalaration for uniform circular motion 


1 IS 


0,73 


3.15 


0.75 


66. 


Pariodic motion (e.g., frequency, period, amplitude) 


O.O 1 


n 


3.24 


0.71 


67. 


Simple harmonic motion (oscillations) 


3.13 


0.74 


3,13 


0.82 


68. 


Newton's laws of motion 


O.Of 


n 1*; 


1 AS 


n 3A 


69. 


Welaht versus mass 




0.60 


3,48 


0.63 


70. 


Friction (e.g., static and dynamic coefficients) 


O.I / 


n 7R 




n 7A 


71. 


Static (e.g., equilibrium of forces and/or torques) 




0 T7 


3,03 


0.83 


72. 


Relationships between work and kinetic energy changes 




n sa 


3 S2 


0.54 


73. 


Conservative forcea and potential energy 


3.41 


0.65 


3,36 


0.67 


74. 


Springe (e.g., Hooke*s law, energy considerations) 


2.81 


0.83 


2.85 


0.78 


75. 


Concepts of rigid body motion (e.g., moment or Inertia, torque) 


2.81 


0.79 


2.61 


0.89 


76. 


Impulse-momentum principle 


3.36 


0.67 


2.88 


0.85 


77. 


Conservation of momentum (In both elastic and inelastic coilistons) 


3.57 


0.58 


3.54 


0.60 


78. 


Conservation of angular momentum 


2.75 


0.82 


3.08 


0.78 


79. 


Conservation of energy 


1 7Q 

O. f 9 


0,42 


3.86 


0.38 


80. 


Orbital motion (e.g., Copernicus, Galileo, Kepler) 


9 


0.87 


2.42 


0.72 


81. 


Newton's law of universal gravitation 


1 AC 

J.4o 


U.Oo 


1 19 


n 71 


82. 


Fluid mechanics (e.g., Pascal's principle, Bernoulli's principle) 


2.48 


0.84 


2,51 


0.80 


83. 


Relatlvistic effects on length, mass, and time 


2.35 


0.87 


2.16 


0.98 


D. ELECmiCnY AND MAGNETISM 










86. 


Electric forcea and Coulomb's law (e.g., pith ball experiments) 


3.44 


0.68 


3.47 


0.68 


87. 


Electric fields 


3.19 


0.69 


3,22 


0.72 


88. 


Gauss's law 


2.52 


0.90 


2,32 


1.01 


89. 


Electric potential energy, electric potential, and potential difference 


3.45 


0.63 


3.31 


0,64 
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TEACHER 
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Mean 


SO 


Mean 


SO 


D. ELECTHICnY AND UAGNEnSM (oont) 










90. 


Conductors, Insulators, somiconductors 


3.19 


0.75 


2.94 


0.76 


91. 


Currsnt 


3.63 


0.57 


3.48 


0.56 


92. 


Rsslstanc* 


3.60 


0.59 


3.41 


0.61 


93. 


S«ri«s and paralM clrcuHs (a-g.. Ohm's law, Kirchhoff s taws) 


3.50 


0.61 


3.14 


0.80 


94. 


Intarnat raslstanoa of battarias 


2.60 


0.95 


2.28 


0.93 


95. 


Capacftanoa 


2.83 


0.87 


2.77 


0.91 


96. 


Inductanca 


2.65 


0.96 


2.61 


0.91 


97. 


Maasuramant of potantlal dIffaranca/currant/raslsUnca/capaciUnca 


3.27 


0.72 


3.13 


0.72 


98. 


Altarnating currant circuiu (a.g., avaraga powar, paafc, affactlva currant) 


2.60 


0.88 


2.36 


0.97 


' 99. 


Magnatic flux 


2.69 


0.86 


2.69 


0.89 


100. 


Faraday's and Lanz's laws of alactromagnatic Induction 


2.79 


0.87 


2.93 


0.92 


101. 


Transformat ^ 


2.74 


0.86 


2.36 


0.91 


102. 


Sourcas of EMF (a.g., battarias, photo calls, ganarators) 


2.97 


0.78 


2.68 


0J2 


103. 


Motors 


2.86 


0.76 


2.29 


0.85 


104. 


Larga scala ganaration and transmission of anargy and powar 


2.34 


0.88 


2.05 


0.90 


105. 


n* and e-typa samlconductors 


2.22 


0.91 


1.97 


0.93 


106. 


Samiconductor davkas (a.g., dlodas, transistors) 


2.35 


0.86 


2.03 


0.99 


107. 


Intagratad circuita 


2.16 


0.91 


1.82 


1.05 


108. 


Suparconducthflty 


2.49 


0.86 


1.98 


0.81 


109. 


Magnats 


3.18 


0.71 


2.77 


0.82 


110. 


Magnatic flalds 


3.27 


0.66 


3.16 


0.75 


111. 


Gauss's law of magnatism (nonaxistanca of monopolas) 


2.40 


0.95 


2.05 


1.06 


112. 


Magnatic forcas 


3.08 


0.75 


3.02 


0.82 


113. 


Princlpla and calibration of alactrlcal matars (a.g., galvanometers) 


2.52 


0.95 


2.17 


0.97 


114. 


Types of magnatism (a.g., dtamagnatism) 


2.13 


0.87 


1.82 


0.82 


115. 


Biot-Savart law and Ampere's law (relating currant to magnetic field) 


2.49 


0.97 


2.51 


0.99 


116. 


Maxwell's aquations 


2.13 


0.99 


2.20 


1.16 


117. 


Lorentz force law and applications (force on a charged particle moving in 
an electric and/or a magnetic field; cyclotron; mass spectrometry) 


2.33 


0.87 


2.69 


0.91 


E. WAVES 










120. 


Wave characteristics (speed, amplitude, wavelength, frequency) 


3-70 


0.51 


3.58 


0.61 


121. 


Inverse square law for intensity 


3.06 


0.85 


2.72 


0.81 
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TEACHERS 
N = 191 


TEACHER 
EDUCATORS 
N - 95 






Maan 


SD 


Maan 


SD 


E. WAVES (oont) 










122. 


Trantv«rM and loogHudinat wavat 


3.45 


0.67 


3.07 


0.82 


123. 


Absorption and transmission 


2.98 


0.79 


2.47 


0.82 


124. 


Rsfloction 


3.47 


0.67 


3.06 


0.82 


125. 


Scattaring 


2.79 


0.85 


2.32 


0.87 


126. 


Rafraction and Snail's law 


3.48 


0.64 


3.23 


0.72 


127. 


Intarfaranoa and suparposHlon of wavas 


3.41 


0.69 


3.24 


0.77 


128. 


Sunding wavas 


3.15 


0.77 


2.96 


0.86 


129. 


Diffraction (Fraunhofar and Frasnal) 


3.03 


0.81 


2.73 


0.88 


130. 


Disparslon 


2.66 


0.84 


2.39 


0.79 


13l! 


Rasonanca and natural fraquanclas 


2.98 


0.78 


3.04 


0.80 


132. 


Dopplar affact 


3.20 


0.75 


2.79 


0.77 


133. 


Charactarlstics of sound wavas (pitch, loudnass [dB], spaad) 


3.15 


0.82 


2.60 


0.99 


134. 


Sound: air columns and strlnga (a.g., timbra, t>aats, harmonics) 


2.71 


0.97 


2.41 


0.84 


135. 


Tha alactromagnatic spactrum (gamma rays to radio wavas) 


3.36 


0.74 


3.24 


OM 


136. 


Color (addition and subtraction; ralationship to fraquancy) 


2.81 


0.92 


2J^^ 


0.77 


137. 


Coliarant radiation (sourcas and spacial propartias) 


■ 2.41 


0.93 


2J2S 


0.90 


138. 


Gaomatric optics (a.g., mirrors, lansas, prisms, fibar optics) 


3.37 


0.72 


3.20 


0.79 


139. 


Polarization 


2.86 


0.79 


2.55 


0.82 


140. 


Thin filma 


2.41 


0.83 


2.01 


0.87 


F. MODERN PHYSICS 










143. 


Blackbody radiation 


2.36 


0.89 


2.56 


0.94 


144. 


Photoalactric aHact 


3.02 


0.81 


2.97 


0.82 


145. 


Spactroscopy 


2.82 


0.84 


2.95 


0.82 


146. 


Planck's hypothasis 


2.74 


0.92 


2.85 


1.02 


147. 


daBroglla's hypothasis 


2.51 


0.90 


2.85 


0.98 


148. 


Wava-particia duality 


3.05 


0.82 


3.03 


0.93 


149. 


Halsanbarg uncartalnty principla 


2.61 


0.89 


2.67 


0.93 


150. 


Schrddlngar's wava aquation 


2.02 


0.94 


2.06 


1.09 


151. 


Orbital thaory - quantum numbars 


2.55 


0.98 


2.46 


0.98 


152. 


Paull axcluston principla 


2.36 


0.97 


2.62 


1.00 


153. 


Mtchalson-Morlay axparimant (athar and tha spaad of light) 


2.65 


0.92 


2.52 


0.95 


154. 


Spacial ralativity 


2.61 


0.88 


2.62 


0.96 
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TEACHERS 
N = 191 


TEACHER 
EDUCATORS 
N =^ 95 






Mean 


SO 


Mean 


SD 


F. MODERN mvSiCS (eont) 










155. 


tor«ntz tranaformatlont and iimtial r«f«r«nc« frsmes 


2.14 


0.88 


2.12 


0.95 


156. 


Mas«/«n«rgy tranaformationt 


2.84 


0.87 


2.74 


0.89 


157. 


Elamantary particlaa (a.g., hadrons, iaptont) 


2.08 


0.90 


2.17 


1.05 


158. 


Strong and waak forces 


2.31 


0.91 


2.09 


1.04 


GL SaENCCTCCHNOLOGY* AND SOCIETY 










161. 


Awaranass of athlcal and moral raaponaibiiltiaa of sclantists 


2.94 


0.90 


2.84 


0.96 


162. 


Awaranaaa of attilcai laauat, riakt, and banafHa aaaoc. wfth tha 
application of scianca 


2.92 


0.89 


'^88 


0.90 


163. 


Dataction of anvironmantal huzt 


2.88 


0.86 


2.60 


0.99 


164. 


RIak managamant iaauaa aaaoclatad witfi anargy production, 
tranamlaalon, and uaa 


2.64 


0.88 


2.29 


0.92 


165. 


Riak.mgmt Iaauaa aaaoclatad with production/ atoraga/uaa/dlapoaal of 
producta 


2.64 


0.92 


2.16 


0.91 


166. 


Waata managamant Iaauaa and racycling 


2.70 


0.97 


2.32 


0.96 


167. 


Managamant of raaourcaa (a.g., aoil, watar, matala, and foaall fuala) 


2.67 


0.96 


2.28 


0.93 


168. 


Uaa of acianca and tachnology to pradlct and prapara for natural 
diaaatara 


2.36 


1.04 


1.89 


1.00 


160. 


Uaa of tachnology In avaryday Ufa (a.g., lamp, amoka datactor, TV, 
computar) 


3.02 


0.86 


2.71 


0.94 


170. 


Tachnology tranaf ar (a.g., apln-offa from apaca tachnology, 
auparconductora) 


2.59 


0.89 


1.98 


0.93 


171. 


tachnology 


2.75 


0.88 


2.34 


0.93 


H. PEDAGOGY SreCSnC TO TIIE PHYSICAL SCIENCES 










174. 


RacognitkMi of and companaatlon for compiax factora aaaoclatad with 
aociaUl and achod-raiatad Iaauaa that may affact tha taaching of tha 
phyalcal aclancaa 


2.58 


0.98 


2.37 


1.04 


175. 


Racognltion of and companaatlon for compiax factora aaaoclatad with 
toclatal and achool^alatad Iaauaa that mav affact student'a laarninq of 
tha phyalcal aclancaa 


2.89 


0.96 


2.65 


0.98 


Curriculum: Oraanlzatlon and Matarials 










176. 


Raaaona for laarning tha phyalcal aclancaa 


3.22 


0.86 


2.94 


0.94 


177. 


Raaaona for taaching a particular topic in tha physical sciences 


3.19 


0.85 


2.88 


0.95 


178. 


Integration within topics in tha physical sciancea 


2.99 


0.81 


2.82 


0.85 


179. 


Integration among the phyalcal aclencea and other disciplines 


2.86 


0.82 


2.64 


0.79 


180. 


Scope and sequence of topica in the phyalcal sciancea curricula for all 
atudenta and justification for the scope and aaquence 


2.63 


0.92 


2.37 


1.00 
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TEACHERS 
N = 191 


TEACHER 
EDUCATORS 
N = 95 






Mean 


SD 


Mean 


SD 


PEDAGOGY SPECinC TO 1W PHYSICAL SCtBiC^ 










181. 


Lesson plans In the physical sciences curricula for all studenU, 
justification for the plans 


2.51 


1.00 


2.07 


1.10 


182. 


Selection and use of currlcular materials and resources (e.g., textbooks, 
and other printed materials, computer software, laborAtcry materials) for 
the physical scleooes 


3.10 


0.80 


2.80 


0.87 


183. 


Selection/use of mass media (e.g., film) appropriate for topics In the 
physical sciences 


2.83 


0.85 


2.49 


0.93 


184. 


Selection and use of current technologies (e.g., computer, videodisc, 
Interactive television, video) appropriate for laboratory daU collection 
and other Instructional purposes in the physical sciences 


2.95 


0.80 


2.59 


0.94 


Instruction 










185. 


Prerequisite knowiedge/experlence/skllls that studenu need for the 
physical sciences 


3.00 


0.82 


2.90 


0.94 


m. 


Recognhion of and accommodation to the prior conceptions, experience, 
and skills that students bring to various topics in the physical sciences 


2.94 


0.87 


2.99 


0.99 


187. 


Identification and selection of appropriate lab experiences for various 
Instructioiuil goals and student learning needs 


3.33 


0.74 


3.26 


0.76 


188. 


Design of appropriate lab experiences for various InsUuctional goals and 
student tearni>ig needs 


3.24 


0.80 


3.10 


0.87 


189. 


Strategies for motivating and encouraging studenU to succeed in the 
physical sciences 


3.38 


0.72 


3.36 


0.77 


190. 


Suategles for addressing controversial and/or sensitive Issues In the 
physical sciences 


2.70 


0.92 


2.56 


0.92 


Assessment and Evaluation 










191. 


Assessment strategies (e.g., laboratory reporu, portfolios, observations, 
oral discussions, written tesU, performance-based assessments, 
projects) to evaluate student performance In the physical sciences 


3.22 


0.77 


2.98 


0.76 


192. 


Errors In stijdent work/performance from prior conceptions about the 
physical sclence$ 


2.95 


0.87 


2.87 


0.78 


Professional Concerns 










193. 


Professional and scholarly literature (e.g.. Journals, reference works) 
appropriate for teachers and students In the phystoat sciences 


2.82 


0.82 


2.74 


0.83 


194. 


Professional and scholarly organizations for science educators 


2.76 


0.88 


2.78 


0.87 


195. 


Legal responslbltlties/iiabilities for teachers in the physical sciences 


3.06 


0.98 






196. 


Responsibilities for continuing education In the physical sciences/In 
science education 


3.00 


0.81 


2.67 


0.95 


197. 


Resources available in the community 


2.75 


0.95 


2.66 


1.04 


198. 


Science-related career Information 


2.86 


0.85 


2.71 


0.88 
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Level of Understanding 



% Responding 







0 


1 


2 


3 


4 


A. saemnc mehiodoijogy/thchnigmies/history 












IMtiodology 












1 


Scientific methods (e.g./formulation of problem, hypotheses, etc.) 


.00 


1.82 


12.16 


37.08 


48.94 




Science process skills (e.g., quallUtive/quantiUtive observations) 


.00 


.61 


10.03 


41.34 


48.02 


3 


Assumptions, models, taws, and theories 


.00 


2.45 


19.27 


44.65 


33.64 


4 


Design of experiments (e.g., Independent/dependent variables) 


.00 


3.06 


17.43 


39.45 


40.06 


Hidory and Phaoeophy of ScienM 












5 


Historical roots of science 


2.78 


19.44 


56.79 


17.59 


3.40 


6 


Contributions of individuals 


3.08 


24.62 


53.23 


16.31 


2.77 


7 


Contributions of ethnic groups and cultures 


19.50 


29.41 


40.56 


8.98 


1.55 


MathewMrttea, MeeiuremenC, and Data yeniptilBtion 












8 


The metric and SI systems 


.00 


1.53 


5.50 


37.00 


55.96 


9 


Scientific notation 


.00 


2.15 


7.67 


40.49 


49.69 


10 


Estimation and approximation 


.31 


2.45 


19.88 


53.21 


24.16 


11 


Significant figures In measurement and calculations 


.31 


1.23 


16.56 


47.24 


34.66 


12 


Unit/dimensional analysis 


.92 


2.45 


9.48 


37.61 


49.54 


13 


Experimental errors (e.g., sources, precision, accuracy) 


.00 


3.37 


23.93 


44.48 


28^ 


14 


Mathematical relationships and patterns in numerical data 


.31 


4.91 


21.78 


43.56 


29.45 


15 


SUtistics of disUlbutions 


6.42 


16.21 


42.81 


29.97 


4.59 


16 


Simple digital (binary) logic 


17.30 


28.30 


32.39 


17.30 


4.72 


17 


Organization and interpretation of data and equations 


.00 


1.54 


11.69 


46.77 


40.00 


18 


Differentiation and simple integration 


15.00 


16.88 


35.63 


27.50 


5.00 


Laboratory and Safely 












19 


Use and calibration of laboratory equipment 


.00 


1.23 


10.80 


51.85 


36.11 


20 


Maintenance of laboratory equipment 


1.54 


4.62 


26.15 


45.85 


21.85 


21 


Preparation and set*up of reagents, materials, and apparatus 


.62 


.62 


12.46 


48.29 


38.01 


22 


Laboratory safety 


.00 


.62 


6.46 


36.31 


56.62 


23 


Emergency procedures for laboratory accidents 


.00 


.31 


5.85 


40.00 


53.85 



Level of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used in the 
knowledge area; 2 = Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to 
address problems or questions; 4 = Analyze the knowledge area into component parts and explain the interrelationships among 
the parts. 
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Level of Understanding 



% Responding 







0 


1 


2 


3 


4. 


a BASIC TOPICS IN PHYSICAL SCUENOE 












Math 














26 


Physical and chMmtcAl oroDArtlas 


.00 


2.79 


15,17 


40.25 


41.80 


27 




.00 


.31 


6.83 


31.99 


60.87 


28 


ElamantA ^AiniVMmcIs and mlictiirAS 


.00 


.00 


9.03 


32.40 


58.57 


29 


Phvslcal and ehamlcal chanaas 


.00 


1.56 


10.28 


37,07 


51.09 


30 


OonsAfVAtion of tnMtM/^n^au 


.00 


.63 


14.42 


36,99 


47.96 


31 


pArms aI aamtav 


.00 


3.11 


26.40 


38,20 


32.30 


32 


Enefgy transfof inations 


.31 


4.05. 


24,30 


43,93 


27.41 


Heat 


HVv^B m VaVVvlSOVaVWiBBVHCv 












33 


HIstof Icai d#vak>piTiant of heat and energy concepts 


3.45 


20.69 


51.72 


20.38 


3,76 


34 


KIiiAtic mAlAfiiilAr thAOfv 


,31 


4.64 


22,60 


38.39 


34.06 


35 


Brownian motion 


2.16 


16.98 


48.15 


24.07 


8.64 


36 


Heat versijs temperature 


.00 


6.44 


20.25 


34.66 


38.65 


37 


Temperature scales and measurement 


.00 


4.00 


18.46 


46.15 


31.38 


33 


Conductioii, convectioOi and radiation 


1.55 


14.55 


38.08 


29.41 


16.41 


39 


Heat capacity /thermal exchanye/lieat of fusion and vaporization 


.00 


3.07 


23.01 


45.40 


28.53 


40 


Concepts of enthalpy and entropy 


.31 


4.60 


27.91 


34.97 


32.21 


41 


Phase changes 


.00 


3.68 


19.33 


42.33 


34.66 


42 


Expansion and contraction 


1.25 


12.85 


36.05 


33.86 


15.99 


43 


Zeroth law of tiiermodynamics 


2.45 


11.66 


35.28 


34,66 


15.95 


44 


First taw of thermodynamics 


.61 


5.52 


23.01 


37.12 


33.74 


45 


Second law of thermodynamics 


.62 


5.54 


29.23 


39.69 


24.92 


46 


Third taw of thermodynamics 


.61 


7.95 


32.42 


36.39 


22.63 


47 


Reversibility and Irreversibility 


.62 


9.32 


30.75 


38.51 


20.81 


Atomic and Itiicieaf Stmctuia 












48 


Historical discovery of particles 


1.23 


16.62 


44.31 


25.23 


12.62 


49 


Atomic models and their experimental bases 


.62 


7.72 


35.49 


32.72 


23.46 


50 


Structure of the atom 


.00 


1.25 


11.84 


32.40 


54.52 



Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the 
knowledge area; 2 = Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to 
address problems or questions; 4 = Analyze the knowledge area into component parts and explain the interrelationships among 
the parts. 
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L«v«l of Understanding 



% Responding 







u 


1 








a BASIC TOfiCSM PHYSICAL SCtENCC(oont) 












51 


Ptanck*s hypothetla 


1.55 


11.46 


37.15 


35.60 


14.24 


52 


daBroglle's hypothesis 


1.85 


13.54 


40.00 


33.54 


11.08 


53 


Heisenberg uncertainty principle 


1.85 


12.35 


39.81 


31.79 


14.20 


54 


Schrddlnger's wave equation 


8.02 


20.37 


41.67 


23.15 


0.7w 


55 


Orbital theory - quantum numbers 


1.54 


5.85 


21.23 


42.77 


28.62 


56 


Characteristics of an electron in an atom 


.00 


2.45 


12.58 


41.72 


43.25 


57 


Properties of electromagnetic radiation 


.92 


6.75 


30.98 


40.49 


20.86 


58 


Spectroscopy 


.61 


8.28 


37.12 


35.89 


18.10 


59 


Paull exclusion principle 


1.53 


9.48 


32.72 


37.00 


19.27 


60 


Hund*s ruie 


1.85 


10.15 


31.38 


38.15 


18^46 


61 


Chemical properties related to electron configuration 


.00 


.61 


6.69 


31.91 


60.79 


62 


Atomic mass, atomic number, mass number and Isotopes 


.00 


2.14 


7.03 


31.19 


59.63 


63 


Nuclear forces and binding energy 


2.15 


12.00 


37.54 


36.00 


12.31 


64 


Mass/energy transformation 


.92 


10.12 


41.41 


33.44 


14.11 


65 


Types of radioactive decay 


.30 


12.80 


35.37 


38.72 


12.80 


66 


Artificiai and natural radioactivity 


1.24 


17.65 


37.15 


34 .o7 




67 


Half-life of radioactive isotopes 


.92 


12.27 


37.12 


36.50 


13.19 


68 


Nuclear reactiona 


.92 


14.07 


3O.09 


35.78 


10.1 9 


a CHEMICAL PERIOOICnY 












71 


The development of the periodic table 


.61 


8.87 


31.50 


33.03 




72 


The position of metals, nonmetals, and metalloids 


.00 


2.45 


15.64 


35.58 


46.32 


73 


Trends in melting and boiling temperatures 


.61 


7.06 


32.21 


40.80 


19.33 


74 


Trends In atomic radli/ionization energy/electron affinity/ electronegativity 


.31 


4.00 


16.92 


43.08 


35.69 


75 


Relationship of periodic UMe to electron configurations 


.00 


.61 


9.51 


31.90 


57.98 


76 


Oxidation numbers for elements In a compound 


.00 


1.54 


11.08 


43.08 


44.31 


77 


Periodicity of the oxidation states of the elements 


.00 


2.47 


20.68 


41.36 


35.49 


78 


Chemical properties/reactions of etemenU as reflected by their positions in the 
periodic table 


.00 


.31 


9.54 


42.15 


48.00 



Level of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used in the 
knowledge area; 2 = Comprehend the essentia) properties of the knowledge area: 3 = Apply/Utilize the knowledge area to 
address problems or questions: 4 = Analyze the knowledge area into component parts and explain the interrelationships among 
the parts. 
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Level of Understanding 



% Responding 







0 


1 


2 


3 


4 


a NOMENCLAnWE 












81 


Inorganic nomenclature of ionic compounds and acids 


.00 


4.36 


15.58 


46.42 


33.64 


82 


Nomenclature of the classes of organic compounds 


.63 


7.52 


30.72 


44.83 


16.30 


E. THE MOLE, CHEMICAL BONDING, AND MOLECULAR GEOMETRY 












85 


Mole concept and mass-mole-number relationships 


.00 


.31 


2.81 


23.13 


73.75 


86 


Information conveyed by a chemical formula 


.00 


.31 


4.72 


25.16 


69.81 


87 


Law of constant composition and law of multiple proportions 


.31 


3.14 


18.55 


42.14 


35.85 


88 


Percent composition of elements in a compound 


.00 


1.57 


11.95 


43.71 


42.77 


89 


information conveyed by empirical and molecular formulas 


.00 


1.89 


11.04 


37.54 


49.53 


90 


Ionic,, covalent and metallic bof>ds 


.00 


2.20 


9.75 


35.22 


52.83 


91 


Rules for calculating oxidation numbers of atoms In a compound 


.32 


2.84 


14.51 


44.16 


38.17 


92 


Electron dot formulas and structural formulas 


.00 


1.58 


12.30 


45.43 


40.69 


Q1 
9^ 


Munipte Donas 


.31 


3.14 


25.47 


41.51 


29.56 




Types of bonding related to electronegativity differences 


.00 


2.53 


20.25 


42.41 


34.81 




valence sneii electron pair repulsion mooei (VocPH) 


1.57 


9.12 


31.45 


35.22 


22.64 


OA 


Simple structures of Isomers 


.31 


5.97 


32.70 


40.25 


20,75 


9 9 


unemicai/pnysicai properties ot compounas reiateo to type of Donoing/geomotry 


.94 


3.76 


31.97 


39.50 


23.82 




nyDTKi orPftais 


1.57 


7.23 


37.42 


37.11 


16.67 


99 


Resonance and delocailzatlon 


1.89 


12.89 


36.79 


32.08 


16.35 


TlMl 


GneHc Theofy mm! Stalee ol Mallaf 












100 


Assumptions of the kinetic molecular theory of gases 


.32 


3.48 


22.78 


35.13 


38.29 


101 


Maxwell'Gfoltzmann velocity distributions 


5.38 


18.67 


42.09 


26.58 


7.28 


102 


Diffusion of gases 


.00 


6.69 


35.99 


42.99 


14.33 


103 


Relationships among volume/pressure/temperature/quantity for Ideal gases 


.00 


.31 


7.23 


31.45 


61.01 


104 


Oalton*s law of partial pressures 


.00 


1.57 


14.78 


49.06 


34.59 


105 


Real versus Ideal gases 


.95 


6.62 


27.76 


38.17 


26.50 


106 


Forces of attraction among molecules 


.63 


4.39 


24.76 


41.07 


29.15 


107 


Phase changes for a pure substance 


.63 


5.02 


34.17 


39.81 


20.38 


108 


Relationships among evaporation rate/bolting temperature/vapor pressure 


.94 


5.03 


27.99 


44.65 


21.38 



Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the 
knowledge area; 2 = Comprehend the essential properties of the knowledge area: 3 = Apply/Ulilize the knowledge area to 
address problems or questions: 4 = Analyze the knowledge area into component parts and explain the interrelationships among 
the parts. 
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BEST COPY AVAILABLE 



Level of UndertUndlng 



% Responding 







0 


1 


2 


3 


4 


E. THE MOUE, CHEMICAL BONDINa AND MOLECULAR GEOMETRY (cont) 












109 


Special propertiaa of water 


.00 


^.oi 


07 CA 

27.90 


An 11 


OO 1A 


110 


Relationships among phases of matter, forces between particles /particle energy 


1 OR 




14 flO 


34.80 


22.88 


111 


Characteristics of crystals 


1.86 


l7.09 


91. OO 


91 ftA 


9.9« 














112 


Equation tmlancing from written description of chemical reaction 


.00 






90 AA 


AA 17 


113 


General types of chemical reactions 


.O 1 


*x in 


16 10 


1!1 AA 


47.06 


114 


Sto4chlometfy 


.00 


11 


9.99 


91 9Q 


70.81 


115 


Endothermic and exothermic reactions 


.00 


1 OA 


1A Q1 


AA Aft - 


Al 17 
^0. 1 f 


116 


Spontaneity In chemical reactions 


.31 


10.49 


11 7Q 


1C AO 
49. 4V 


01 01 

^ 1 >9 1 


117 


Collision theory and reaction rates 


AO 
.OA 


7 1 A 


11 91 


1A A<« 




118 


Activation energy and the effects of a catalyst 




1 7 A 


97 71 


A9 17 


25.86 


119 


Rate-Influencing factors In chemical reactions 


.uo 


1 ftA 


24.22 


41 .30 


32.61 


120 


Rate expressions and orders of reactions 


Mo 


19 11 


«W.9* 


17 ftO 


IS SI 


121 


Reaction mechanisms 


1 .^9 


1 1 AA 


10 AA 


11 OK 
O 1 .^9 


IS 00 


122 


Chemical equilibria 






IS 70 


36.53 


45.82 


123 


Le ChAteiief's principle and factors that disturb the equilibrium systems 


•UV 




14.55 




46.13 


124 


Properties and production of ammonia 


A IIS 


1ft Q4 


44.41 


24.84 


7.45 


125 


Oxidation and reduction reactions 


.00 


.62 


13.89 


40.74 


44.75 


126 


Electrochemical cells and electrode reactions 


.O 1 


4.64 


27.24 


42.72 


25.08 


127 


Metallurgical properties of tl^ transition metals 




9'« 11 
^9.0 1 


Afi in 


OA OA 


3.70 


128 


Redox properties of the halogens and the halide ions 


O TO 


1 1 11 


AA 


10 dfi 
ov«^* 


8.36 


129 


Faraday's law of electrolysis 




1 9 nj. 


AO A1 


32.72 


1 1.73 


130 


Practical applications of electrochemistry 




9.85 


35.69 


39.69 


13.85 


SoUftkMUi and Soluliiltty 












131 


Types of solutions 


.00 


7.12 


33.44 


36.22 


23.22 


132 


Solutes, solvents and solubility 


.00 


2.47 


17.28 


44.75 


35.49 


133 


Effects of temperature 


.31 


2.15 


27.08 


39.08 


31.38 


134 


Dissolving process 


.00 


4.92 


33.23 


35.69 


26.15 


135 


Solubility product (K ,p ) 


.00 


6.19 


22.60 


45.32 


25.39 



Level of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used in the 
knowledge area; 2 = Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to 
address problems or questions; 4 = Analyze the knowledge area into component parts and explain the interrelationships among 
the parts. 
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L#vl of UiKtoftondInq 



% Responding 







0 


1 


2 


3 


4 


E. THE Ii0l£, CHEMICAL BONDIIiG, AND MOLECUtAR GEOMETKY (cont) 












136 


Conc«ntratk>n of tolutos 


.00 


.62 


13.23 


35.38 


50.77 


137 


ConductivHv of solutlont and Ih* ionization Droc#Aft 


.00 


4.33 


24.77 


42.41 


28.48 


138 


Strono and waak alatrolvtas* nnn •l^trnlutai 


.00 


5.59 


23.60 


41.30 


29.50 


139 


Colligativo proporti«t of solutions 


.62 


7.43 


30.34 


39.63 


21.98 


140 


Charactsristic propartiss of acids, basas, and satu 


.00 


.93 


10.84 


36.53 


51.70 


141 


Arrhanius, Branstad*Lowry, and Lawls ackM>asa thaorias 


.00 


5.85 


19.08 


36.92 


38.15 


142 


pH of solutiona of strong and waak acids and l>asas 


.00 


2.77 


11.38 


44.92 


40.92 


143 


Ralativa strangttis of acids and basas 


.00 


1.54 


19.14 


43.52 


35.80 


144 


Production, proparHas, and usa of tha common acids 


3.08 


17.23 


40.00 


28.00 


11.69 


145 


AckMMsa titration and Indicators 


.00 


.92 


16.92 


44.62 


37.54 


146 


Buffar solutions 


.31 


4,62 


26.46 


42.77 


25.85 


F. BKX^HEMtSniY 












149 


Organic functkmai groups and thair raactions 


1.25 


8.13 


34.06 


39.69 


16.88 


150 


Monomers and polymars 


.62 


12.15 


43.30 


31.46 


12.46 


151 


Biologically ImporUnt compounds 


.94 


11.29 


39.18 


34.17 


14.42 


152 


Biologically Important chamlcal procassas 


2.82 


15.67 


41.69 


27.27 


12.54 


153 


Structure and replication of nuclalc acids 


5.99 


17.98 


43.85 


21.77 


10.41 


154 


Energy storage and release In biological systems 


6.94 


18.93 


39.43 


24.29 


10.41 


155 


Overail Importance of Biochemistry 












a SOEMCC, TECHNOUOGY, AND SOCIETY 












157 


Awareness of ethical and moral responsibilities of scientists 


.31 


9.20 


30.37 


27.61 


32.52 


158 


Awareness of ethical Issues/rlsks/beneflts associated with the application of 
scier>ce 


.31 


7.33 


31.08 


30.46 


30.77 


159 


Detection of environmental hazards 


.61 


6.44 


33.74 


30.98 


28.22 


160 


Risk management issues assoc. with energy production/transmission/uss 


2.78 


10.49 


39.81 


28.40 


18.52 


161 




1.55 


7.43 


34.98 


33.44 


22.60 


162 


Waste management Issues and recycling 


.93 


6.79 


33.64 


34.26 


24.38 


163 


Management of resources 


1.85 


9.23 


31.38 


33.54 


24.00 


164 


Use of science and technology to predict and prepare for natural disaster 


6.15 


18.46 


41.23 


22,77 


11.38 



Level of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define the terms used in the 
knowledge area; 2 » Corr^prehend the essential properties of the knowledge area; 3 = Appiy/Utilize the knowledge area to 
address problems or questions: 4 = Analyze the knowledge area into component parts and expl^iin the interrelationships among 
the parts. 
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Levi of Und»ff nding 



% Responding 







0 


1 


2 


3 


4 


a SaENCE^TCCHNOLOGY, AND SOCIETY <coilt) 












165 


Usa of technology in everyday life 


1.86 


9.29 


34.98 : 


53.13 


20.74 


166 


Technology transfer 


2.79 


14.24 


47.06 


23.84 


12.07 


167 


Issues assoc. wHh the use of chemicals in agricuiture/food preparation/ 
preservation 


1.23 


10.46 


39.69 


32.31 


16.31 


168 


Social, political and economic Issues arising from science and technology 


2.46 


11. 3o 




3A 


1ft AA 


a PEDAGOGY SKCmC TO THE PHYSICAL SOEMOES 












171 


Recognition of/compensation for complex factors - teaching 


2.55 


8.60 


36.62 


31 .95 


9A Ifl 


172 


Recognition of /compensation for complex factors < learning 


1.58 


6.96 




19 CO 
34C.9y 


9fl 


Currtcuftum: OrgjuifiHon, IMarteis and MMnagnint 












173 


Reasons for iMrning the physlcai sciences 


.31 


5.00 


22.50 


30.13 


3^.UO 


174 


Reasons for teaching a particular topic in the physical sciences 


.00 


5.66 




3o.tMS 


3U.1V 


175 


Integration within topica in the physical sciences 


.00 


2.81 


24.0V 


AJ 


31 .90 


176 


Integration among the physical sciences and other disciplines 


.00 


3.74 


29.60 


3o.»4 


OT TO 

27.73 


177 


Scope and sequence of topica in the physical sciences 




ft ftO 
0.0¥ 


ov.ov 


37.26 


24.52 


178 


Lesson plans In the physical sciences curricula 


1.89 


6.92 


32.08 


36.16 


A£ 

22.90 


179 


Selection and use of currlcular materials and resources 


.62 


2.79 




J.1 J.O 


3IC AA 


180 


Selection and use of mass media 


1.24 


5.90 






i3 IK 
1 0.09 


181 


Selection and use of current technologies . 


.91 








16.51 


InstructkMi 












182 


Prerequisite knowledge, experience, and sicills 








CA AA 


22.81 


183 


Recognition of and accommodation to the prior conceptions, experience, and siciils 


31 


4.40 


26.10 


46.23 


22.96 


184 


identification/selection of appropriate lab experiences for various Instructional goals 


.91 


.90 




A7 ft3 


37 80 


185 


Design of appropriate lab experiences for various instructional goals 


.o2 




1 1 AA 


d7 AA 


37 AO 


186 


Strategies for motivating and encouraging students to succeed 


.00 


1.25 


13.08 


46.42 


39.25 


187 


Strategies for addressing controversial and/or sensitive Issues 


.93 


4.67 


25.55 


43.93 


24.92 


AftSMMMnt and Evalii«lioii 












188 


Assessment strategies for student performance in the physical sciences 


.00 


1.55 


13.98 


45.03 


39.44 


189 


Errors In student work and performances that arise from prior conceptions 


1.25 


4.05 


30.53 


40.81 


23.36 



Level of Understanding: 0 = An understanding of the knowledge area is not needed: 1 = Define tfie terms used in tfie 
knowledge area; 2 = Comprehend the essential properties of the knowledge area: 3 = Apply/Utilize the knowledge area to 
address problems or questions: 4 = Analyze the knowledge area Into component parts and explain the interrelationships among 
the parts. 
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Lev«l of Understanding 



% Responding 





0 


1 


2 


3 


4 


K PEOAGOG^r SPEOnC TO THE PHYSICJU. SOEN^ 












Professional Gmoaim 












190 Profsssional and scholarly iitaraturs 


.94 


6.58 


33.86 


43.89 


14.73 


191 Profsssional and scholarly organizations for scisncs oducators 


1.26 


8.18 


34.28 


42.14 


14.15 


192 Legal responsibllitlos and liabilities for teachers in the physical sciences 


.94 


3.76 


25.08 


40.75 


29.47 


193 Responsibilities for continuing education 


.63 


5.02 


24.76 


45.45 


24.14 


194 Resources available in the community 


.95 


8.20 


29.65 


44.48 


16.72 


195 Science-related career information 


.00 


5.96 


34.48 


39.50 


20.06 


196 Overall Importance of Pedagogy Specific to the Physical Sciences 













Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the 
knowledge area; 2 = Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to 
address problems or questions: 4 = Analyze the knowledge area into component parts and explain the interrelationships among 
the parts. 
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Gbl Percent of Responses by Level of Understanding Category - Physics 



Gb1 

146 

ERIC 



Level of UndertUndlng 



% Responding 







0 


1 


2 


3 


4 


A. SaENTlHC liEniOIXXJOGY/TECHNiQUES/HISTORY 












MetiiodokKiy 












1 


Scientific methods (e.g., formulation of problem, hypotheses, etc.) 


nn 


^.19 


in A(% 


41.85 


45.54 


2 


Science process skills (e.g., qualiUtive/quantiUtive observations) 


.00 


1.o4 


1 1 


AA ia 

•HI. lO 


Afi 39 


3 


Assumptions, models, laws, and theories 


.<S1 






AA AA 
44. 40 




4 


Design of experiments (e.g.. Independent/dependent variables) 




2 7S 
A. f 9 


19.88 


42.51 


34.86 


History HMd PMoeophy of Sdonoo 












5 


Historical roots or science 


2.49 




ICC 4 9 


9^ na 


A 6A 


6 


Contributions of individuals 




ifl m 


C9 OA 

9Z.OU 


91 90 


3.11 ' 


7 


Contributions of ethnic groups and cultures 


1 9 AO 


OK. 1Q 


AR R1 


14.24 


2.17 


Mathenwrtic% MMiigiwunr, Dta HiypuUrtiow 












8 


The metric and SI systems 


nn 




4.88 


32.01 


60.67 


9 


Scientific noUtion 


nn 




O. 1 u 


36.28 


55.79 


10 


Estimation and approximation 


AA 

.ou 


1.<K> 


IT A*t 

1 f .44 


A1 43 


*VT 11 


11 


Significant figures In measurement and calculations 


.00 


O AT 

3.07 


10 VIA 


A7 mc 

4f .99 


OV.Of 


12 


Unit/dimenslonal analysis 


11 

.O 1 


1 m 


Q Aft 


44.04 


44.34 


13 


ExperlmenUI errors (e.g., sofirces, precision, accuracy) 


AA 




99 n9 


51 .99 


23.55 


14 


Mathematical relationships and patterns in numerical data 


.J1 




1A Oft 


A9 9n 


40.67 


15 


Statistics of distributions 


3.98 


12.84 


44.34 


33.03 


5.81 


16 


Simple digital (binary) logic 




22.74 


43.93 


19.00 


4.05 


17 


Organization and Interpretation of data and equations 


AA 




9.29 


39.94 


49.85 


18 


Differentiation and simple Integration 




1 1 ftO 


32.30 


37.89 


14.60 


19 


Vector algebra 




1 fl7 
1 .Or 


1 ^ flO 


43.30 


38.32 


Laboratory and Safely 












20 


Use and calibration of laboratory equipment 


.00 


2.17 


17.08 


54.35 


26.40 


21 


Maintenance of laboratory equipment 


1.24 


6.19 


29.41 


48.92 


14.24 


22 


Preparation and set-up of reagents, materials, and apparatus 


.00 


1.87 


17.76 


46.11 


34.27 


23 


Laboratory safety 


.62 


1.24 


13.31 


45.51 


39.32 


24 


Emergency procedures for laboratory accidents 


.62 


.31 


12.77 


45.17 


41.12 



Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the knowledge area; 2 = 
Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 = 
Analyze the knowledge area into component parts and explain the interrelationships among the parts. 
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Lev«i of UrKtorttandlng 



% Responding 







0 


1 


2 


3 


4 


a BASIC TOPICS IN PHYSICAL SCIENCC 












Mattiri 


md Energy 












27 


Phy»icai and chomical propartlat 


.31 


4.64 


26.63 


43.34 


25.08 


28 


Particulate natura of nuittar 


.00 


1.54 


18.83 


45.37 


34.26 


29 


Elamanta, compounds, and mlxturat 


.00 


4.66 


29.19 


40.06 


26.09 


30 


Phyticai and chemical changes 


.00 


5.28 


26.71 


41.61 


26.40 


31 


Conservation of mass /energy 


.00 


.31 


8.64 


36.73 


54.32 


32 


Forms of energy 


.00 


.93 


7.10 


35.19 


56.79 


33 
Heatan 


Energy transformations 


.31 


.62 


7.74 


41.49 


49.85 


34 


Historical development of heat and energy concepts 


2.18 


13.71 


53.58 


25.86 


4.67 


35 


Kinetic molecular theory 


.62 


2.79 


27.55 


44.89 


24.15 


36 


Equipartition of energy 


2.58 


16.77 


37.74 


34.84 


8.06 


37 


Brownlan motion 


1.56 


14.02 


45.17 


33.64 


5.61 


38 


Heat versus temperature 


.00 


1.86 


14.24 


40.25 


43.65 


39 


Temperature scatea and measurement 


.31 


2.78 


16.36 


52.78 


27.78 


40 


Conduction, convection, and radiation 


.31 


2.78 


21.91 


48.46 


26.54 


41 


Heat capacity/thermal exchange/heat of fusion and vaporization 


.00 


.93 


15.17 


51.08 


32«82 


42 


Phase changes 


.00 


2.48 


18.58 


48.92 . 


30.03 


43 


Expansion and contraction 


.00 


3.41 


25.70 


50.15 


20.74 


44 


Zeroth law of thermodynamics 


.62 


4.97 


26.40 


45.65 


22.36 


45 


First law of thermodynamics 


.93 


.00 


12.42 


45.65 


40.99 


46 


Second law of thermodynamics 


1.25 


4.98 


24.92 


42.37 


26.48 


47 


Third law of thermodynamics 


.93 


5.90 


31.37 


40.68 


21.12 


48 


Reversibility and irreversibility 


2.48 


9.29 


37.15 


37;77 


13.31 




and Nudear Skudiare 












49 


Historical discovery of particles 


.93 


15.74 


46.30 


29.32 


7.72 


SO 


Atomic models and their experlmenul bases 


.62 


6.17 


31.79 


45.99 


15.43 


51 


Structure of the atom 


.00 


2.48 


18.89 


43.96 


34.67 


52 


Characteristics of an electron in an atom 


.62 


4.01 


26.23 


43.63 


25.31 



Level of Understanding; 0 = An understanding o( the knowledge area is not needed: 1 = Define the terms used in the knowledge area; 2 = 
Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 = 
Analyze the knowledge area into component parts and explain the interrelationships among the parts. 
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L9v«l of Understanding 



% Responding 







0 


1 


2 


3 


4 


& BASIC TOPICS M IWSICAL SOENCE (oong 












53 


Atomic mass, atomic numbar, mass numbar snd isotopas 


.00 


5.61 


18.69 


43.30 


32.40 


54 


Nuclaar foroaa and binding anargy 


.31 


7.79 


33.02 


39.56 


19.31 


55 


Typas of radloactlva dacay 


.31 


4.95 


31.27 


43.34 


20.12 


56 


ArtlflcUi and natural radioactivity 


.31 


8.02 


36.42 


42.28 


12.96 


57 


Haif-lifa of radioactiva isotopas 


.31 




28.70 


47.22 


18.52 


58 


Nuclaar reactions 


.31 


6.48 


25.93 


48.15 


19.14 


a MECHANICS 












61 


Vector quantfties 


.00 


.62 


3.42 


33.85 


62.11 


62 


Rel. among position, velocity, acceleration, and time for straight line motion 


.00 


,31 


1.86 


27.95 


69.88 


63 


Reference frames and relative velocity (e.g., Galilean relativity) 


.62 


3.74 


26.17 


41.74 


27.73 


64 


Rel. among posHlon/valoclty/constant acceleration/time for projectile motion 


.00 


.93 


6.50 


38.08 


54.49 


65 


Rel. among position, velocity, centripetal acceleration for uniform circular motion 


.31 


1.24 


8.39 


44.72 


45.34 


66 


Periodic motion 


.00 


.93 


11.15 


49.23 


38.70 


67' 


Simple harmonic motion (oscliiations) 


.62 


1.55 


13.35 


51.55 


32.92 


68 


Newton's law of motion 


.00 


.31 


.93 


21.98 


76-78 


69 


Weight versus mass 


.00 


.93 


7.12 


28.79 


63.16 


70 


Friction (e.g., static and dynamic coefficients) 


.00 


2.17 


16.77 


50.00 


31.06 


71 


Statics (e.g., equilibrium of forces and/or torques) 


.00 


1.86 


14.60 


44.10 


39.44 


72 


Relationships t>etwaen work and kinetic energy changes 


.31 


.31 


5.57 


41.49 


52.32 


73 


Conservative forces and potential energy 


.00 


.93 


9.03 


42.68 


47.35 


74 


Springs (e.g., Hooke*s law) 


.00 


2.80 


23.60 


52.17 


21.43 


75 


ConcepU of rigid body motion 


.00 


3.74 


28.66 


46.11 


21.50 


76 


impulse-momentum principle 


.31 


2.80 


14.29 


45.65 


36.96 


77 


Conservation of momentum 


.00 


.62 


6.50 


39.32 


53.56 


78 


Conservation of angular momentum 


.00 


4.33 


23,22 


46.75 


25.70 


79 


Conservation of energy 


.00 


.31 


2.77 


26.46 


70.46 


80 


CrbHai motion 


.00 


5.25 


39.20 


41.67 


13.89 


81 


Newton's law of universal gravitation 


.00 


1.55 


13.62 


39.94 


44.89 



Level of Understanding: 0 = An undersUnding of the knowledge area is not needed: 1 = Define the terms used in the knowledge srea: 2 = 
Comprehend the essentisl properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions: 4 = 
Analyze the knowledge area into component parts and explain the Interrelationships among the parts. 
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Levi of Und#r»tandin9 



% Responding 







0 


1 


2 


3 


4 


a UECHAMCS (cont) 












82 


Fluid mechanics 


.31 


8.05 


29.72 


49.23 


12.69 


83 


Relativistic effects on length, mess, end time 


1.85 


12.35 


38.58 


37.65 


9.57 


D. ELECraiCnY AND MAGMETISM 












86 


rial" li If ftwcAs Aivi f^AiilAmh*A tsw 


.00 


.62 


9.63 


47.52 


42J24 


AT 




.00 


1.55 


16.41 


50.77 


31.27 


99 




4.10 


6.62 


32«18 


43J22 


13.88 




Electric nAtenilAi AfiArnw alf tftf nAtentiAt and DOtentisi dlffftrence 


.00 


.95 


9.84 


48.89 


40.32 


OA 




.00 


1.59 


27.30 


47.30 


23.81 


Q1 


Ourrent 


.00 


.32 


6.35 


46.67 


46.67 


92 




.00 


.32 


6.69 


48.41 


44.59 


93 


Serl«B end DerstM circuits 


.00 


.32 


8.28 


46.82 


4439 


94 


Intern si reslstsnce of bAtt*rl*s 


2.22 


6.35 


36.19 


41.90 


13.33 


95 


OsDScitsnce 

%^eMB^vew#%vi 


.32 


5.10 


24.84 


50.00 


19.75 


96 


Inductance 


.32 


7.96 


27.07 


47.45 


UM 


97 


Misaturement of potential difference, current, resistance, and capacitance 


.00 


.96 


14.65 


50.96 


33.44 


98 


Alternating current circuits 


1.27 


6.05 


31.85 


46.82 


14.01 






.32 


6.05 


31.53 


43.95 


18.15 


100 


Faraday's and Lenz's laws of electromagnetic Induction 


.64 


4.14 


28.03 


46.18 


21.02 


101 


transformers 


.96 


5.41 


33.12 


46.82 


13.69 


102 


Sources of EMF 


.00 


3.18 


28.34 


51.91 


16.56 


103 


Motors 


.64 


5.10 


33.44 


47.45 


13.38 


104 


Large scale generation and transmission of energy and power 


1.27 


11.15 


50.32 


28.03 


9.24 


105 


n- and E^type semiconductors 


4.82 


12.86 


43.41 


34.08 


4.82 


106 


Semiconductor devices 


3.49 


13.02 


43.81 


33.65 


6.03 


107 


Integrated circuits 


5.38 


18.67 


44.62 


26.58 


4.75 


108 


Superconductivity 


1.60 


14.74 


47.76 


30.13 


5.77 


109 


Magnets 


.00 


.95 


29.75 


46.84 


22.47 


110 


Magnetic fields 


.00 


1.27 


17.72 


49.37 


31.65 



Level of Understanding: 0 = An undsrstanding of the knowledge area Is not needed; 1 = Define the terms used In the knowledge area; 2 = 
Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 = 
Analyze the knowledge area into component parts and explain the Interrelationships among the parts. 
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Uvt of UiKtortUndIng 



% R«tpondln9 







0 


1 


2 


3 


4 


a EUECTOICnY AND MAGNETISM (ooffl) 












111 


Gautt't law of magnetism 

4 


5.41 


11.15 


40.45 


33.76 


9.24 


112 


Magnetic foroat 


.32 


1.90 


22.47 


51.58 


23.73 


113 


Principla and calibration of atactrlcal maters 


3.83 


8.31 


35:78 


38.34 


13.74 


114 


Typat of magnatiam 


2.56 


21.73 


47.28 


23.96 


4.47 


115 


Blot-Savart law and Ampara'a law 


2J23 


11.15 


35.35 


35<99 


15.29 


116 


Maxwairt aquaHont 


5.71 


18.10 


39.05 


26.03 


11.11 


117 


Lorantz foroa law and applicatlona 


1.61 


10J29 


37.62 


35.37 


15.11 


E. WAVES 












120 


Wava charactariatlea 


.00 


.93 


5.86 


33.64 


59.57 


121 


Invaraa aquara law for intansity 


.62 


2.48 


20.74 


46.13 


30.03 


122 


Tranavaraa and longitudinal wavaa 


.00 


3.10 


17.03 


41.80 


38.08 


123 


Abaorption and tranamltalon 


.31 


5.56 


31.48 


42^ 


20.37 


124 


Raflaction 


.00 


1.23 


14.51 


47.53 


36.73 


125 


Scattering 


.93 


5.56 


31.48 


48.15 


1349 


126 


Refraction and Snaira taw 


.00 


.62 


9.57 


46.30 




127 


tntarferenoe and auparpoaltion of waves 


.00 


1.23 


12.96 


47.84 


37.96 


128 


Standing waves 


.31 


.93 


19.14 


53.09 


26.54 


129 


Diffraction 


.62 


5.56 


25.93 


50.00 


17.90 


130 


Dispersion 


.31 


9.01 


37.89 


42.24 


10.56 


131 


Reaonanca and natural frequencies 


.00 


1.54 


25.31 


50.00 


23.15 


132 


Doppiar effect 


.31 


2.17 


22.67 


49.07 


25.78 


133 


Characteristics of aound wavaa 


1.55 


4.02 


27.24 


38.39 


28.79 


134 


Sound: air columns and strings 


1.85 


5.25 


37.35 


37.04 


18.52 


135 


The electromagnetic spectrum 


.00 


3.09 


20.37 


39.20 


37.35 


136 


Color 


1.24 


6.19 


38.08 


37.46 


17.03 


137 


Coherent radiation 


2.19 


10.00 


44.69 


34.69 


8.44 


138 


Geometric optica 


.00 


.62 


11.76 


47.06 


40.56 


139 


Polarization 


.00 


5.64 


30.72 


50.47 


13.17 


140 


Thin fitms 


2.51 


10.03 


42.32 


35.74 


9.40 



Leve' of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the knowledge area; 2 = 
Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 = 
Analyze the knowiedg* area Into component parts and explain the interrelationships among the parts. 

Gb6 



ERIC 



151 



L6v«i of Understanding 



% Responding 







0 


1 


2 


3 


4 


F. MODERN PHYSICS 














olSvKDoay rmiMiiion 


1.56 


8.75 


46.56 


34.38 


8.75 


144 


'Ir. 


.00 


2.50 


32.50 


44.38 


20.63 


145 




,31 


3.75 


35.94 


42.81 


17.19 


lAfi 




.63 


7.21 


33.86 


40.44 


17.87 


1*9 f 


ovPf ogii# 9 nypomests 


.94 


8.75 


34.69 


40.94 


14.69 


I •♦O 


Tfmww ' p«n>w W aiMII%y 


.31 


4.97 


28.26 


42.24 


24.22 




nvfwfiiwf y unvVtuiiiity pi itivipiw 


.31 


9.35 


36.76 


38.94 


14.64 




Dcnroaingvf • waw wiiMuOfi 


4.08 


20.38 


41.69 


27.59 


6.27 


151 


OrbitJii theory • quantum numbers 


1.25 


9.66 


37.69 


38.01 


13.40 


152 


Pauli exclusion principle 


1.25 


11.29 


41.07 


35.74 


10.66 


153 


MichelsofvMorley experlnoent 


1.57 


8.46 


40.44 


36.68 


1Z85 


154 


Special relativity 


.31 


10.31 


36.88 


41.25 


11.25 


155 


Lorentz transformations and Inertial reference frames 


3.44 


16.56 


44.06 


30.00 


5.94 


156 


IMass/energy transformations 


.63 


7.21 


31.66 


44.51 


15.99 


157 


Elementary particles 


2.50 


22.19 


46.25 


24.38 


4.69 


158 


Strong and weak forces 


3.14 


22.64 


40.57 


28.30 


5.35 


a SCIENCE, TECHNOLOGY, AND SOCIETY 












161 


Awareness of ethical and moral responsibilities of scientists 


1.25 


6.54 


33.96 


36.45 


21.81 


162 




1.24 


6.21 


34.47 


38.51 


19.57 


163 


Detection of environmental hazards 


1.25 


8.10 


40.50 


32.71 


17.45 


164 


Risk management issues assoc. with energy production/transmission/use 


1.57 


11.95 


42.77 


31.13 


12.58 


165 


Risk mgmt issues assoc. with production/storage/use/disposal of cons, products 


3.13 


12.85 


42.32 


29.47 


12J23 


166 


Wests management issues and recycling 


3.13 


10.31 


42.19 


32.19 


12.19 


167 


. Management of resources 


2.51 


12.85 


39.18 


32.29 


13.17 


168 


Use of science and technology to predict and prepare for natural disaster 


7.23 


15.41 


41.82 


26.73 


8.81 


169 


Use of technology In everyday life 


1.25 


5.63 


31.56 


43.44 


18.13 


170 


Technology transfer 


1.88 


15.63 


40.31 


32.81 


9.38 


171 


Social, political and economic Issues arising from science and technology 


2.19 


8.44 


38.44 


37.50 


13.44 



Level of Understanding: 0 = An understanding of the l<nowledge area is not needed; 1 Define the terms used In the i<nowledge area; 2 = 
Comprehend the essential properties of the knowledge area; 3 = Apply/Utilize the knowledge area to address problems or questions; 4 = 
Analyze the knowledge area into component parts and explain the interrelationships among the parts. 
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Lev«l of Understanding 



% Responding 







0 


1 


2 


3 


4 


H. PEDAGOGY SPCCtBC TO TOE PHYSICAL SCIENCES 












174 


Racognition of/compensation for complex factors • taaching 


4.17 


9.62 


37.18 


33.97 


15.06 


175 


Recognition of/compensation for complex factors - learning 


3.54 


6.11 


28.94 


40.84 


20.58 


CurTicukMi: Organialioa, MhHiriiJi and Managsmsnt 












176 


Reasons for learning the physkai sciences 


1.60 


3.19 


22.04 


41.21 


31.95 


177 


Reasons for teaching a particular topic In the physical sciences 


.64 


4.78 


24.20 


41.72 


28.66 


178 


Integration within topics In the physical sciences 


,31 


5.03 


28.62 


39.94 


26.10 


179 


Integration among the physical sciences and other discipiines 


.31 


6.60 


31.76 


42.14 


19.18 


180 


Scope and sequenc« of topics In the physical sciences 


2.55 


8.92 


34.71 


39.49 


14.33 


181 


Lesson plans in the physical sciences curricula 


3.81 


9.84 


35.87 


35.67 


14.60 


182 


Selection and use of currlcular materials and resources 


1.58 


4.73 


21.45 


52.05 


20.19 


183 


Selection and use of mass media 


1.91 


6.05 


29.30 


49.04 


13.69 


184 


Selection and use of current technologies 


1.59 


4.76 


29.21 


48.25 


16.19 


Instnjctfoii 












185 


Prerequisite Icnowiedge, experience, iind sldlls 


1.60 


5.43 


23.64 


45.05 


24.28 


186 


Recog. of and accommodation to the prior conceptions, experience, and sidlls 


1.58 


6.33 


26.58 


40.51 


25.00 


187 


Identification/selection of approp. lab experiences for various instructional goals 


.95 


1.89 


15.77 


43.85 


37.54 


188 


Design of appropriate lab experiences for various instructional goals 


1.27 


2.53 


17.09 


43.35 


35.76 


189 


Strategies for motivating and encouraging students to succeed 


.94 


2.20 


16.67 


40.25 


39.94 


190 


Strategies for addressing controversial and/or sensitivo issues 


2.83 


6.60 


30.50 


40.88 


19.18 


AsMssniMt and EvalualkMi 












191 


Assessment strategies for student performance in the physical sciences 


.63 


3.16 


19.62 


44.30 


32.28 


192 


Errors in student work and performances that arise from prior conceptions 


.95 


4.43 


25.00 


46.52 


23.10 


ProfMstonal Conoaim 












193 


Professional and scholarly literature 


2.22 


7.28 


37.97 


39.24 


13.29 


194 


Professional and scholarly organizations for science educators 


3.18 


8.28 


35.03 


40.13 


13.38 


195 


Legal responsibilities and liabilities for teachers in the physical sciences 


.32 


7.94 


35.87 


32.38 


23.49 


196 


Responsibilities for continuing education 


1.92 


6.73 


33.33 


38.78 


19.23 


197 


Resources available In the community 


2.56 


8.31 


34.19 


39.94 


15.02 


198 


Science-related career Information 


.32 


7.72 


35.69 


39.87 


16.40 



Level of Understanding: 0 = An understanding of the knowledge area is not needed; 1 = Define the terms used in the knowledge area; 2 = 
Comprehend the essential properties of the knowledge area: 3 = Apply/Utilize the knowledge area to address problems or questions: 4 = 
Analyze the knowledge area into component parts and explain the interrelationships among the parts. 
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Appendix H 



Hal Mean Importance Ratings hy Subgroups - Chemistry 
Hbl Mean Importance Ratings hy Subgroups - Physics 
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